RTmP cory

DEFECTI VE RECOVBI NANT ADENOVI RUSES EXPRESSI NG. CYTOKI NES FOR ANTI TUMOR

TREATMENT
ant+.geni c
which witl

of the T ceIIs.Mhikh{ in turn, start progucing a whol e battery of
| ynphoki nes, -sonme of which are essential for~the activation of 'the inmune
system and t he defenses :

" ADENOVIRUS RECOMBINANTS DEFECTIFS EXPRIMANT
DES CYTOKINES POUR TRAITEMENT ANTITUMORAL

~ ~ Les cytokines sont des molécules (hormones)
produites par des cellules & 1la suite d‘une
stimulation antigénigue ou d'une activation par

~dtautres facteurs. La premiére cytdkine gqui ait éteé

produite est l'interleukine 1 (IL-1). Elle permet
ltactivation des cellules T, qui se mettent a leur
tour a produire toute une batterie de lymphokines dont
certaines sont indispensables pour 1l'activation du

' systéme immunitaire et les défenses contre les

infections virales ou parasitaires.
Depuis quelques années, les cytokines sont
utilisées en_immunpthérapie anticancéreuse. Néanmoins

‘leur administration par la voie générale pose un
. certain nombre de problémes. L'IL-2 par exemple donne

des effet secondaires assez importants; elle est

 rapidement métabolisée, de sorte que de fortes doses

doivent étre administrées de fagon répétée. _
On est donc & la recherche de meilleures voies
d'administration qui augmenteraient leur efficacite,

- tout en diminuant leurs effets indésirables.

L'invention a donc pour objet des adénovirus

- recombinants défectifs exprimant une ou plusieurs

cytokines, ainsi gue l'utilisation de ces adénovirus

' recombinants pour la constitution de compositions

pharmaceutiques, notamment éntitumorales, plus
particuliéremént de  compositions directement
injectables dans des tumeurs solides de 1'héte. '

La présente invention a pour objet desfédénovirus

recombinants défectifs caractérisés en ‘ce qu'ils
comportent un génome d‘'adénovirus non réplicable,

défectif dans lequel sont insérées une ou plusieurs
séquences d'acide nucléique codant pour une ou

o T,

~=.

BORIBT on o "an act | vat i on by of her factor . The fiTEUTORIREE"

has sbeen produced is interleukin-1 (11-1). It permts activation



against viral or parasitic infections. For sone years, cytokines have been
used i n anypossapE®1i nunot her apy. Nevert hel ess, when they are BOMERIS(08264
system cally, a nunber of problens arise. 1l1-2, for exanple, produces quite
substantial side effects; it is rapidly metabolized, so that high doses
have to be adni nistered repeatedly. Better agm nistration routes which
woul d increase thelr efficacy while decreasing their adverse effects are

plusieurs cytokines, notammenit lymphokines, sous le
contréle d'un ou plusieurs promoteurs susceptibles
d'étre reconnus par les polymérases de cellules
humaines, plus particuliérement de cellules tumorales
humaines ou de cellules infiltrant es tumeurs.

L'invention concerne plus particuliérement les
acides nucléiques recombinants susceptibles d'étre mis
en oeuvre pour 1la production de tels adénovirus
recombinants défectifs.

Un tel -acide nucléique recombinant est
caractérisé en ce qu'il comporte, d'une part, une
séquence génomique d'un adénovirus défectif en ce
qu'elle est dépourvue des séguences nécessaires a sa

'repllcatlon, mais comportant néanmoins celles des
segquences qui dans ce génome sont le support de
1'information génétique nécessaire a 1'adénovirus
correspondant pour pénétrer dans les cellules
infectables par celui-ci, ainsi que 1l'ensemble des
séquencés essentielles nécessaires a 1l'encapsidation
de cet adénovirus, et, d'autre part, un insérat
contenant une séquence nucléique codant pour une
cytokine, cet insérat étant sous le contrdle d‘un
promoteur présent ou préalablement inséreé dans 1la
susdite ségquence génomique. |

Les adénovirus, notamment les adénovirus de type
2 ou 5 susceptibles d'infecter 1les humains (ou
adénovirus humains), ou encore 1les adénovirus de
sétotype 4 et 7, représenteht des vecteurs
particuliérement préférés dans le cadre de la présente
invention, en raison notamment de la grande taille du
fragment d'ADN étranger qu 11 est possible d'lnserer
dans le génome de ces virus. , ,

Avantageusement, la ou les séquence(s) d'acide

" nucléique d'insertion sus-mentionnée(s), codant pour
une ou plusieurs cytokines prédéterminées, sont
contenues dans un génome défectif d'adénovirus,



hence béi ng sought. The subject of the invention is hence defective

r econbi naRyoJBR{Y3Yi r uses expressing one or nore cyto- kines, spCHFR93AV26NE
use'of these reconbi nant adenoviru- ses for mnaking phar maceut i cal '
conpositions, in par- ticular antitunor conpositions, nore especially
conposi - tions which can be injected directly into solid-tunors of the
host. The subject of the present invention is defective

dépourvu des séguences nucléotidigques essentielles
nécessaires a la réplic_ation de ces adénovirus, et
plus particuliérement des transactivateurs ElA et E1B
et, le cas écheéant, de la région E3 de l'adénovirus,
ou encore de ses régions El1 et E3. _

. En d'autres termes l'invention met a profit la
capacité de ces adénovirus recombinants défectifs
d'autoriser l'expression de la séguence d'insertion
qu'ils contiennent dans les cellules qu'ils
~envahissent, méme lorsqu‘en raison de leur caractere
défectif ils ne s'y multiplient pas. En d'autres
. termes l'invention a pour objectif de faire secréter
les cytokines au sein méme des cellules de la tumeur a
traiter (cellules tumorales elles-mémes et cellules,
notamment lymphocytes, gui infiltrent ces tumeurs)
lorsque celles~ci ont été infectées par ces adénovirus
~ défectifs, en . particulier lorsque ceux-ci sont
'injectés directement dans la tumeur. Les cytokines
produites activ_eront ainsi en priorité, in situ, 1les
cellules cytotoxiques infiltrant la tumeur et celles
‘se trouvant a proximité de la tumeur. - _

" En ce qui concerne la séguence d'insertion dans
le génome d'adénovirus recombinant défectif, elle peut
étre choisie .pémi toutes celles qui expriment une
cytokine capable d'exercer un effet, soit antitumoral
direct, soit activateur de cellules immunocompétentes
de l'organisme, soit les deux a la fois. |

Parmi ces cytokines on mentionnera &a titre
d'‘exemples : IL-1, IL-2, IL-3, IL-4, IL-5, IL~6
interféron a, interféron +, "tumor necrosis factor"”
alpha (TNF. a)' (facteur alpha de nécrose de tumeur).

Les mémes adénovirus recombinants peuvent aussi
étre utilisés dans le cas de certaines maladies, ou il
Y a une déficience immunitaire et dans le cas de

_ certaines maladies parasitaires ou virales (en
particulierinterféron <+, o« et/ou GM=-CSF), notamment



reconmbi fiant adenovi ruses, characterized in that they contain a defective,

non-repligﬁSI g ovi rus - genane ©-2- into which one or nor é
aci d sequ 33“? gfng for one nore cytokines, in particular IWE& ?}Rg%“
are inserted under the control of one or nore pronoters .

4

par administration par 1la ‘voie généraie- ou. par
1'intermédiaire de cellules, de préférence humaines
prises dans un état autorisant leur injection chez
1'homme, ces cellules ayant au préalable été infectées
par un adénovirus défectif recombinant conforme ‘a
1'invention. _

On rappelle ci-aprés les propriétés de certaines
de ces cytokines.. '
Interleukine 1 (IL-1) : _

Elle est produite essentiellement par les
mbnocytes et les macrophages activés.  Son poids
moléculaire est d'environ 17 Kilodaltons. Elle
présente plusieurs activités, parmi lesqguelles :

a) une action Chemoattractive sur les cellules
polymorphonuclées et ies_macrophages (1,2),

b) une augmentation de 1Factivité'cytotoxique des

cellules cytotoxiques spontanées ("Natural Killer", ou
'Nk),

'¢) une induction de fiévre a 1la suite d'une
infection, ' '

@) surtout 1l'activation des cellules T pour la
production d'autres facteurs.
Interleukine 2 (IL-2), Interleukine 4 (IL-4) et
Interleukine 5 (IL-5) : -
| Elles sont produites par des 1lymphocytes T
activés. L'action de ces cytokines est restreinte aux
cellules du sytéme immunitaire, elles provoqueht leur
muitiplication et leur activation : IL-2 et IL-4 ont
été essayés en immunothérapie antitumorale chez la

souris et chez 1'homme. Chez 1la souris, elles
agissent de fagon synergique et provoguent 1la
régression tumorale. )
Interleukine 6 (IL-6) _

Elle est produite par des ' nombreux types
cellulaires dont les 1ymphocytes T, les macrophages,

~ les fibroblastes... Elle induit la différenciation



capabl e "of bei ng recoghised by the pol ynerases of human cells, nore

especially tunor cells .or of cells infiltrating thes
o3 ABE e bz

The "i nvent | S nore especially to reconbi- nant nucleic

capabl e of being used for the produc- tion of such defective reconbi nant
adenovi ruses. Such a reconbi nant nucleic aci%lis characterized in that it
contains, on the one hand a genom c sequenc€ of an adenovirus which is
defeCtiveir]thatéfnéfgkﬁegﬂaymphpcytes B qui deviennent producteufs
d'ahticorps. |

"Tumor _Necrosis _Factor=-a" __ (TNF-a) (facteur-o de
nécrose des tumeurs) :

Clest un facteur produit par les macrophages. Il
a une double action : une action directe sur les
cellules tumorales en provoguant leur 1lyse et une
activation du sytéme immunitaire.

L'utilisation du TNF=-a chez l'homme doit se faire
avec précaution, étant donné gque de nombreuses
cellules en possédent le récepteur : d'ou l'intérét de
n'induire sa sécrétion que localement, au sein méme de
la tumeur, pour limiter ses effets non désirables sur
les autres cellules de 1l'héte. | '
Interleukine 3 (I1-3), Interleukine 7 (II-7), et
"Colony stimulating Factor" (CSF).

' Ce sont des facteurs de croissance
hématopoiétiqﬁe. - Ils sont produits essentiellement
par.les'lymphoéytes, les monocytes et les macrophages.
Ils agissent a différents niveaux de 1‘'hématopoiese,
cl'est-a~-dire des différentes étapes de différenciation
de cellules de moélle en cellules sanguines. En outre
le CSF exerce des effets trés importants au niveau des
défenses primaires de 1l'organisme - vis-a-vis des
‘défenses bactériennes en attirant les macrophages vers
les sites d'infection et en augmentant leur capaciteé
de phagocytose. _ ' |

En combinaison avec 1'IL~-2 et 1'IL-4, le GM-CSF,
s'avére é&tre un important facteur antitumoral.
L'interféron 4 (IFN 7) | ' |

C'est un facteur produit par les cellules T
activées; il est doué de propriétés antivifales: i1
inhibe la multiplication des virus et des parasites et
provogue la 1lyse des cellules infectées et de
certaines cellules tumorales. '

L'interféron a{IFNa)




sequencé&s needed for its replication, but which neverthe- |ess contains

t hose sequep®ssigabi ch, in this genone, are the carrier of the pEIrERS/00264
i nformati on needed.for the correspondi ng adenovirus to enter the cells
which the latter is capable of infecting, as well as the set of essential
sequences needed for encapsidation of this agenovirus, and on the other
hand an insert containing a nucleic acid sequence coding for a cytokine,

this insert being undeprédei€0paroldedf GeDI@I®Ser RRCSEEE mBnbEytes, il
présente un effet antiviral et lythue sur des

cellules infectees. L'IFN o a éteé utilise en
immunothérapie contre certains types de cancer dont le
mesothélium.

Blen_entendu ltinvention n'est pas'limitée, guant
au choix des séguences d'insertion utilisables dans
des adénovirus conformes a l'invention, a celles qui
ont été identifiées ci-dessus. Néanmoins celles-ci
sont illustratives de la palette des possibiliteés qui
s'offrent au thérapehte, a qui appartient le choix de
l'adénovirus recombinant défectif le plus approprié a
mettre en oceuvre, compte tenu de la nature des tumeurs
a combattre. _

L'invention concerne égalementides compositions
pharmaceutigues conipf.e‘nant un ou plusieurs vecteurs
recombinants tels que décrits ci-~-dessus, en
association avec un véhicule pharmaceutiquement
acceptable, en particulier des compositions
directement | injectables dans les tumeurs a 'traiter,
stériles, isotoniques, ou des compositions séches;
noctamment lyophilisées, qui, par addition selon le cas
d'eau stérilisée ou de sérum physiologique, permettent
la constitution ou reconstitution de soluteés
directement injectables dans les tumeurs.

L'injection directe dans la tumeur d‘'adénovirus
modifies, non_féplicables, offre l'avantage d'une part
d'éviter la diffusion des adénovirus recombinants dans
la circulation générale avec, pour conséguence, les
effets secondaires susceptibles d'étre exercés par les
cytokines exprimées ailleurs que sur les sites ol la

- manifestation de leur. action est recherchée, en
l'occurence les cellules tumorales, elles-mémes ou les
cellules, notamment lymphocytes, qui les 1nf11trent ou
qui se trouvent a leur proximité immédiate. De



previ"ousl y inserted into the abovenenti oned genom c sequence. Adenoviruses,

In particular 3;&@2 or 5 adeno- viruses capable of infecting %&%ﬂ
264

human adend¥O# or alternativel y serotype 4 and 7 adenov

repr esent especrally preferred vectors in the context of the present

i nvention, on account, in particular, of the J7ar-ge size of the foreign DNA
fragment which it is _ : :
' préférence, i" injection est réalisée a tout le moins
dans au moins un site de la tumeur primaire.

L'invention n'est pas davantage limitée a
1tadministration des  adénovirus recombinants -
contenant les séquences codant pour les cytokines du
genre en question diréctement_ dans les tumeurs.
Toute autre voie d'administration permettant un accés
de ces adénovirus recombinants & la tumeur & traiter
peut étre envisagée. En particulier, on peut avoir
recours & des cellules compatibles avec 1l'hdte, par
exemple des fibroblastes humains, de préférence
prealablement prélevés chez 1'héte lui-méme.

L'invention concerne également des cultures
cellulaires, par exemple des fibroblastes en culture
préalablement infectés par des acides nucléiques
recombinants, plixs particﬁliérement les adénovirus
défectifs sus-définis. Ces cellules infectées, le cas |
échéant atténué_és ou rendues immqnologiquement
inertes, par exemple par irradiation, contribuent a
l'éradication de tumeurs installées, lors de leur
injection paf la voie générale. Cette injection
peut étre envisagée soit seule, soit en sus de
l'injection directement dans la tumeur.

L'invention a également pour objet un procédé
d'obtention des adénovii'us recombinants décrits ci-
dessus qui comprend, aprés l'étape de construction
proprement dite d'un vecteur par introduction d'un ou
plusieurs acide(s) nucléique(s) d'insertion dans le
'ge'non_le de l‘'adénovirus défectif initial, une étape de
transformation de lignées cellulaires transformables
d'eucaryotes supérieurs (notamment d'origine -humaine
‘ou animale) comportant elles-mémes une séguence
distincte de nucleot;des apte a4 complémenter la ou les
parties qui font défaut au génome de 1l'adénovirus
défectif et sans lesquelles la réplication de ce
dernier est 'interc_lite, ladite séquence distincte étant



-3- .possible to insert into the genone of these viruses. Advantageously the
abovenentioned nucleic acid insertion sequence(s), coding for

pr edet er - N“h33’3§?bk|nes are contained in a defective adenovi éeggﬂ@ﬁé“
| acki ng the essential nucleotide sequences needed for replication of these
adenovi ruses, and nore especi - 8 - :

de pré'f'érencé incorporée au génome des cellules de'
ladite lignée cellulaire. |

A titre d'exemple préfére de telles lignées
cellulaires, on mentionnera la lignée 293, ligneée de
rein embfyonnaire humain qui contient, intégreés dans
son génome, les onze premiers pourcents de l'extrémite
gauche du geénome d'un adénovirus de type 5 (AdS5).
Ceux-ci peuvent alors complémenter des virus
recombinants défectifs gqui portent des déléetions de
cette région. Un tel procédé d'cbtention est plus
particuliérement décrit dans la demande de brevet
européen n* 0 185 573 du 20/11/85.

Aprés transformation de ces lignees cellulaires,
les adénovirus défectifs ainsi multipliés et produits
sont récupérés a partir du milieu de culture des
cellules de ces lignées et purifieés. '

La presente invention sera d'avantage detalllee'
dans 1la descrlptlon qui suit des possibilites de
constructlon d'un adénovirus vecteur recombinant

' contenant  au moiﬁs une seéquence codant pour une
. cytokine, en particulier une lymphokine.

I. METHODES

a) Cellules et virus _
La 1lignée cellulaire 293 rénale embryonnaire
'huﬁaine transformée par Ad-5 (Graham et al., 1977), a
été utiliseée pour la transfectibn_d'ADN ainsi que pour
la multiplication et la titration d‘'Adénovirus (ad).
En effet, la lignée cellulaire 293 complémente les
fonctions des génes de fonctions El1A et E1B et permet
la réplication des Ad-recombinants défectifs. _ Pour la
construction de 1'Ad recombinant, 1'Ad5-d1324 humain,
portant des délétions dans les régions El1 (3.9-10.5
m.u.) et E3 (78.5-84.3 m.u.), a été utilisé (Shenk et
williams, 1984). Les lignées cellulaires 293, Hela et




ally. the”transactivators E1A and E1B and, where appropri- ate, the E3

regi on of the adenovirus, or alternatively its El and E3 regions ot her
el St

words, theWOIMPIYn turns to good account the capacity of th

reconbi nant adenoviruses to allow the insertion sequence they contain to be
expressed in the cell's they invade even when, on account of their defective.
character, they do not multi- ply therein._lﬁ other words, the objective of

t he i nven-

Vero ont été maintenues dans ﬁn_ milieu de culture
minimum essentiel Eagle avec 10 ¥ de sérum de veau
fétal.

b) Construction des plasmides permettant
1'expression de différentes cytokines

Le vecteur d'expression eucaryote pMLP10 a été
décrit (Ballay et al., 1985). Un dérivé de ce vecteur
(pMLPlS)'a été construit par insertion d'une séquence
contenant différents sites uniques de restriction en

aval du promoteur majeur tardif d'‘adénovirus. Ces

sites permettant ainsi le clonage des différents génes
codant pour les cytokines choisies sous le contrdle du
promoteur viral. . En aval de cette ségquence contenant

‘ces sites uniques de restriction a été placée 1la

ségquence contenant le signal de polyadénylation du
géne codant pour les antigenes précoces du virus Sv40.
Le fragment_BinI - HindIII d'Ad5 est cloné en aval.
Cette séquence de 3 Kpb contient le géne codant pour

la protéine IX qui est nécessaire pour 1'encapsidation

du génome viral au-~dela de 97 & de sa taille normale

- et permet la recombinaison in vivo ultérieure. Les

séquences codant pour 1les génes des différentes

- cytokines sont isolées a partir de plasmides obtenus

auprés de differentes éguipes. Ces séquences, obtenues
aprés clivage au moyen de différentes enzymes . de
restriction sont introduites dans le site de clonage

‘multiple du vecteur d'expression décrit ci-dessus

(PMLP-18). On obtient ainsi les différents plasmides
dénommés pMLP-cytokine (IL-2, IL-4 etc...) qui sont
utilisés pour l'obtention des virus recombinants comme
décrit dans le paragraphe suivant. '
c) Transfection A'ADN et isolement de virus
recombinants ” T
Les adénovirus recombinants défectifs Ad-
cytokines ont été obténus_par recombinaison in vive

~entre le fragment droit du génome viral clivé au



tign is to cause cytokines to be secreted actually within the cells of the

tunour to d (tunor cells thenselves and cells, in pargd $/00264
| ynmphocyt é@sg\tﬂlﬁ@h?l nfiltrate these tunors) when these cells have been

infected with these defective adenoviruses, especially when the latter are
injected directly into the tunor. The cytokhaes produced will thus activate
first and forenbst, in situ, the cytotoxic cells infiltrating the tunor and

those present in o Miy Gt g eWI¥ne de restriction cla I et 1la
séquence homologue existant sur les plasmides pMLP-
cytokine décrits ci-dessus. Le mélange du fragment du
génome viral (2,6 m.u. - 100 m.u.) purifié apres
clivage et du plasmide linéarisé par 1l'enzyme de
restriction Cla I ou Pvu I est transfecté dans les
cellules 293 en utilisant la méthode de précipitation
au phosphate de calcium (Graham et Van Der Eb, 1973).
Des plages de cellules montrant un effet cytopathique
ont été isolées 10 jours aprés et le virus a été
amplifié en culture. L'ADN viral a été extrait par la
procédure Hirt (Graham et al., 1977) et 1les virus
recombinants ont été identifiés par cartographie avec
des enzymes de restriction.
~ La figure 1 représente 'schématiquement une
construction de ce type mettant en oeuvre une ségquence
d'insertion codant 'pour' une interleukine (IL-2, IL-4,
etc..). | |
- Dans cette figure : .
- "leaders" correspond a4 un leader tr:.partlte
- "Del" correspond a une vdélétion®
- Ad dl 324 correspond a un adénovirus pourvu des
"deleétions" sus—indique‘es.
d) Expression des séquences codant pour une cytokine
exprimée - o
Des lignées cellulaires Hela ou Verc sont

infectées avec 1les virus recombinants défectifs
obtenus. Les cellules effectivement transfectées
peuvent étre caractérisées essentiellement grice a la
- détection de l'activité de la cytokine libérée dans
leur milieu de culture. Dans le cas de IL-II des
rendements pouvaht atteindre de 1 a 2 JTle
‘d'interleukine pour 10° cellules ont été observés.

Les cellules infectées par un recombinant Aad-
cytokirie sécrétent dans le milieu de culture des
quantités variables de la cytokine. Il existe



Regat di ig the sequence for insertion into the defective reconbinant

adenovi rus his may be chosen fromall those which expr,
\ 3%@%%5"93?} . . ! ! PCT/FR93/00264

cyt okine ¢ exerting either a direct antitunor effect,
activat- ing effect on inmmcoconpetent cells of the body, or both  -4-

11

- différentes méthodes pour ' la détection et 1la
'quantification des cytokines produites.

1)  Méthodes quantitatives : |

- ELISA, en utilisant des anticorps spécifiques

- RIA (radioimmunoassay)

- Western blot _

2) Méthodes gqualitatives (ou biotests) : basées

sur les propriétés bxologlques des cytoklnes

Par exemple :

IL-2 : Test de prolifération des cellules CTL-L2
(les cellules CTL~-L2 ne se multiplient et ne se
maintiennent en culture qu'en présence d'IL-2 dans le
milieu de culture) .

IL-3 et GM-CSF : Test de prolifération des
cellules TF-1 | _ '

Il-4 : Test de prolifération des cellules CTL-L2

et 1nduct10n de CD23 solubles par certaines cellules
dont les lymphocytes. _

INP~a : Test de cytotoxicité sur les cellules ,
L92-9. '

Test de neutralisatzon : L'effet des cytokines
peut étre blogué en incubant les cellules cibles en
présence de cellules d'anticorps spécifiques.

| Quelques résultats obtenus avec le vecteur
adénovirus portant le géne de 1'IL—2(Ad-IL—2j _sont
exposés ci-apres. _

1) Les cellules infectées in vitro avec 1'Ad-IL-2

sécreétant des guantités significatives a'IL~-2
fonctionnelle.
2) L'injection dlrecte du vecteur portant 1e géne de
1'IL-2 dans_des tumeurs déja établies chez 1l'animal
(le diamétre tumoral au moment de 1l'injection est
entre 4 et 7 mm) induit la stimulation des systémés
immunitaires qui se traduit par une stabilisation de
la taille de 1la tumeur, puis sa régression jusqu'a
disparition compléte dans 40 % & 50 % des cas.



t oget her. Anong these cyt oki nes, the follomdng may be nentioned as

exanpl es: #é?%"gb , IL-3; 1L-4, IL-5, IL-6, [err] interfero?gg%ﬁ%lﬁr{gﬁu

interfero necrosis factor alpha (TNF[err]). The sane

adenoviruses nmay al so be used in the case of certain diseases in which
there is an inmune deficiency and in the caig of - certaln parasitic or viral
di saeses, espeC|aIIy [err], [err] interferon®and/ or

Ce résultat peut étre amélioré en traltant les
tumeurs dans une phase plus précoce de ?son
développement ou en utilisant différents vecteurs a la
fois par exemple association de Ad-IL-2 avec AdQ-INF
et/ou Ad-IL-4, Ad-GM-CSF, Ad-IL-3. Cette combinaison
est & préciser selon le type de tumeur.

3) Les cellules tumorales infectées in vitro puis
injectées a des animaux .'syngénéiques ou méme a des
animaux immunodéficients (souris Nu/Nu) perdent leur
pouvoir tumorigéne (aﬁ moins jusqu'a 80 % des animaux
rejettent les cellules tumorales ; en d'autres termes,
les_cellulés tumorales ne proliférent plus chez 80 %
‘des animaux immunodéficients injectés avec ces

cellules. o
4) Les animaux ayant rejeté une premiére injection
de cellules tumorales infectées sont hautement

immunisés et sont protégés contre des cellules
tumorales parentales (non infectées) et injecteées a
différents temps et a différents endroits.

Co-injectées . avec des jcellulggﬁ " tumorales
infectées in vitro, 1les cellules spléniques de ces
animaux immunisés sont en plus capables de transférer
1'immunité anti-tumorale a des animaux récipients.

 I1 va de soi que 1les descriptions de

constructions d'adénovirus défectifs recombinants ci-
dessus envisagées n'ont aucun caractére restrictif.
D'autres constructions peuvent étre reéalisées,
notamment selon les variantes encore indiquées ci-
aprés a titre d'exemples.
1) Echange des promoteurs

Le promoteur majeur tardif d'Adénovirus peut étfe
substitueé par d'autres promoteurs ublqultalres mais
d'origine exogéne tels gque ;- ‘

- promoteur contenu dans le LTR (Long Terminal
Repeat) de RSV (Rous Sarcome Virus)
- le promoteur du géne IE de CMV (cytomégalovirus)

FEUILLE DE REMPLACEMENT
ISA/EP



CSE), im.particular by adm nistration systemcally or via cells, preferably

human cells, taken in a state that allows themto be injected i S
t hese cel WORAAMYI previ ously been infected with a reconbi nantptgélg:@%}l@gﬂ

adenovi rus according to the invention. The properties of sone of these
cytokines are recal I'ed bel ow. Interleukin-1 SIL-l): This is produced
essentially by activated 1
- ‘les promoteurs inductibles MMTV (Mouse- Mammary
Tumor Virus) ou métallothionine. .
De méme des promoteurs permettant une expression
plus spécifigque, restreinte aux cellules tumorales
' peuvent étre utilisés comme par exemple : '
- le promoteur du géene rep du parvovirus HI.
L'invention concerne encore un acide nucléigue
recombinant du type sus-indiqué, caractérisé en ce que
la séquence génomique de 1'adénovirus est dépourvue de
' sa région d'extrémité 5', en aval du promoteur précoce
de la région El1A de l'adénovirus, et en ce gque la
séquence codant pour la cytokine est placée sous 1e'
contrdle de ce promoteur précoce. Cet acide nucléique
recombinant peut égalemént étre mis en oeuvre dans les
applications plus particuliérement mentionnées en
rapport avec les ADNs re;ombinants dans lesquels la
' séquénce codant pour la cytokine est placée sous lé
contréle du promdteur majeur tardif de 1l'adénovirus.

2) ggpfassion simultanée de plusieurs génes de

cytokines _
3 types de constructions sont décrites :

- les génes de cytokines sont sous le contrdle de
deux promoteurs soit identiques, soit différents (MLP
et RSV par exemple) et situés a la suite l'un de

l'autre.

- les génes des cytokines sont sous le contrédle de
promoteurs distincts et clonées dans des régibns
distinctes du virus. | o



macrtophtages and nDnocytes. Its nol ecular weight is approximtely 17

kilodalto x[spl ays several acti- vities, including: a) $cr/FR93/00264
chenpattrac |ve ac i on on pol ynor phonucl ear cell's and macr ophages (1, 2),

b) an increase in the cytotoxic activity of spontaneous cytotoxic (natural
killer or Nk cells), c) an induction of fevgg follow ng an infection, d)
nost especially, the activation of T cells for

REVENDICATIONS

1. Acide nucléique recombinant comportant, d'une
part, une séquence génomique d'un adénovirus défectif
en ce qu'elle est dépourvue des séguences nécessaires
4 sa reéplication, maié comportant néanmoins celles des
séquences qui dans ce ‘génome sont le support de
1'information génétigque nécessaire & 1'adénovirus
correspondant pour pénétrer dans 1les cellules
infectables par celui-ci, ainsi que 1l'ensemble des
séquences essentielles nécessaires a 1'encapsidation
de cet adénovirus, et, d'autre part, un inseérat
contenant une. séQuence 'nucléigue codant pour une
cytokine, cet insérat étant sous le contrdle d'un
promoteur présent ou préalablement inséré dans 1la .
susdite séquence'génomique.
2. Acide nuciéiQue recombinant selon la
revendication 1 caractérisé en ce qu'il est dépohrvu
des transactlvateurs E1A et ElB et, le cas echéant, de
la région E3 de 1'adénovirus. _ '
3. Acide nucléique recombinant selon la
revendication 1 caractérisé en ce gque la séquence
génomiqﬁe de l'adénovirus est dépourvue de sa région
d'extrémité 5', en aval du promoteur précoce de la
région ElA de l'adénOVirus, et en ce gue la séquence
codant pour la cytokine est placée sous le controdle de
ce promoteur précoce.
4. Acide nucléique recombinant selon la
revendication 1 ou la revendication 2 caractérisé en
ce que la'séquence codant pour ia cytokine est placée
sous le contréle d'un promoteur tardif de
1'adénovirus. _
5. Acide nucléique recombinant selon ‘la
revendication 1, caractérisé en ce gque la séguence
génomique de 1l'adénovirus est pourvue d'un promoteur

e
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t he “prdducti on of other factors. -5- Interleukin-2 (I1L-2), _

I nterl eukin-4 | L-4 and Interleukin-5 (I1L-5): These are produced b
activat ed WOI9MMBEyt es. The action of these cytokines is r est PEHAFRI3{09264
cells of . - oo . '

15
étranger au génome de l‘'adénovirus, et en ce que la
séquence codant pour la cytokine est placée sous le
contrdle de ce promoteur étranger.
6. Acide nucléigue recombinant caractérisé, soit en
ce que 1l'insérat contient des séquences codant pour
plusieurs cytokines, soit en ce qu'il contient des
insérats distincts respectivement placés sous le
- contréle de promoteurs distincts, également distincts.
7. Adénovirus défectif caractérisé en ce qu'il
contient 1l'acide nucléique recombinant selon 1l'une
guelcongue des revendications 1 a 6. |
8. _Culture de cellules, notamment d'origine humaire,
caractérisée en ce qu'elles sont infectées par
1'adénovirus selon la revendication 7.
9. COmposition pharmaceutique contenant 1'adénovirus
recombinant selon la revendication 7 en association |
avec un véhicule pharmaceutiguement 'acceptable;_
notamment. | | |
10. Utilisation de 1Fadén6virus recombinant selon la
revendication 7 pour la préparation de médicaments
antituﬁoraﬁx, de préfeéerence sous forme directement
injectable dans une tumeur de l'hote.
11. Composition pharmaceutique contenant des cellules
‘'selon la revendication 8, de préférence humaines, dans
un état autorisant leur injection a 1’'homme.
12. Procédé de production d'adénovirus defectifs
recombinants selon la revendication 7 caractérisé par
 la ‘transformation de ligneées cellulaires
transformables d'eucaryotes supérieurs (notamment
d'drigine humaine ou animale) comportant elles-mémes
une séquence distincte de nucléotides apte a
complémenter la partie du génome de l'adénovirus dont
'ceiui-ci est dépourvu et qui serait essentielle & sa
réplication, ladite séquence distincte étant de
préférence ihcorporée au génome des cellules de ladite
lignée cellulaire, et en ce que l'on récupére les

\\!\\\\l\\\\\}\\\l\\\\\!\\\!\\



the* i fmune system they cause their nultiplication and their activation:
| L-2 and = been tested .in antitunor imunotherapy in rg '
marr. In mk‘(L:[g,\é:’}t]%€I act synergistically and cause tunor PEFRBSI0bTbs

regressi on.

Interleukin-6 (IL-6) This is produced by many cell types including T

| ynphocyt es,

macrophages, fibroblasts, etc.q4t induces the final

differentiation of B Iynphocytes, whi ch becone anti body producers.

adénovirus recombinants défectifs produits a partir du
milieu de <culture des cellules desdites lignées
cellulaires. | | _

13. Procédé selon la revendication 12 caractérisé en
ce que le génome d'adénovirus défectifs est dépourvu
de sa région d'extrémité 5' et gque 1la 1lignée

- cellulaire est une lignée de rein embryonnaire humain

telle que la lignée 293, qui contient, intégré dans
son geénome, une régioﬁ d'extrémitée 5! dﬁ_génome d'un
adénovirus de type 5 (Ad5) et ayant une taille
ccrrespondante.' a approximativement 1l % de celle du
génome entier de cet adénovirus.

BT |



Tunp¥* Necrosis Factor [err] (TNF[err]): This is a factor produced by

macr ophages,, g a dual ‘action: a direct action on tunor

t herr Iysigv%#%f‘ f?%actlvatlon of t.he i mmune system The use of L’ﬁ;’iﬁf@ﬁ?#&?ﬂ
man nust be carried out cautiously since a |arge nunber of cells possess
the receptor for it: which accounts for the/ihportance of inducing its

secretion only locally, actually within the tunor, to i fts adverse
effects on the other cells of i TR oy My,
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the host. Interl
stimul at i ng Fact

produced * essentTl

act- at different
stages of

10

eukin-3- (1L-3), Interleukin- 7 (I'L-7) and Col ony

‘9 hese are hemm gow-h—fog
I P%E%)} ynphocyt es, cS}'iEEE HASNBEEN: ropégggé—

| evel s of hemat opoi e- sils, thBEPLlAﬁEDo say of t he di fferent
 DEFECTIVE RECOMBINANTZ RS -

CYTOKINES FOR ANTTTOMOR TREATMENT

| Cytokines are molecules (hormones) produced by
cells following an antigenic stimulation or an activation
by othei factors. The first cytokine which will has been
produced is interleukin-1 (Il-1). It permits activation
of the T célla_ ﬁhieh, in turn, start producing a
whole battery of lymphokines, some of which are esse#t:ia.l
for the activation of the immune system an.d the defenses
against viral or parasitic infections.
For scme years, cytokines have been used in
anticancer immunotherapy. Nevertheless; when they are
administered systemically, a number of problems arise.

. I1-2, for example, produces quite substantial gide effects,;

15

it is rap_i_dly_ neta.bolized, so that h:l.gh doses have

to be administered repeatediy.

20

25

Better administration routes which would increase
their e‘fficacjr while decreasing their adverse effects are
hence being lought.. | |

The subject of the invention is hence defective
recombinant adenoviruses —expresging one or more cyto-

kines, as well as the use of these recombinant adenoviru-
ses for making pharmaceutical compositions, in par-

ticular antitumor compositions, more especially composi-

tions wh:i.ch can be injectéd directly into solid-tumors of

the host. _
The aubject of the present invention is defective
recombinant adenoviruses, characterized in that they

contain a defect;l.ve; non-replicable adenovirus genome

T
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-6-"differentiation of marrow cells to bl ood célls. I n adg

i THIB ISHEEBHASK BERN

very substantial effects on the body' s prinmgry defences

S 1 (ragafmg\lggbe

rrec—t+6

bacterial defences, luring the nmacrophages to the sites of

i ncr easing thei r;58gaghlikhf QneP B29MGE Hubldit WEHY MddEindbs 'cblidgaRer

| L-4, GW CSF proves to be an Inportant antitunor factor.

10

15

20

25

one more cytokines, in particular lymphokines, are

. inserted under the control of one or more promoters

capable of béing recognised by the polymerases of human
cells, more eapecialljr' of human tumor cells or of cells
in_filtrathg' thesé ~ tumors.

The invention relates more especially to recombi-

‘nant nucleic acids capable of being used for the produc-

tion of such defeétive recombinant adenoviruses.

Such a recombinant nucleic acid is characterized
in that it conta.:l.ﬁs, on the one hand a genomic aequénce
of an adenovirus which il dafective in that it lacks i:he

| segquences needed fér its replication, but which’n_eve:thé-

_ less contains those sequences which, in this géncme, are

the carrier " of the genetic information heedgd for t:hel
corresponding adenovirus to enter the cells which t:he
latter is cﬁpable of ':l.n.:Eecting, as well as the set of
essential sequences needed for encapsidation of this
adenovirus, and on the other hand lan ingert containing a
nucleic acid sequence coding for a cytokine, f.hia insert

being under the control of a promoter present in or

‘previously inserted into the abovementioned gencmic

seguence.

_ Adenoviruses, in particular type 2 or 5 adeno-
v.’f.ruaes capﬁble of infecting humans (or human adeno-
viruses), or alternatively 'seroﬁype 4 and 7 adenoviruses,
represent ebpeéihl_ly preferred vectors in the context of
the present invention, on account, in particular, of the
large sgize of the foreign m £:agncht which it is

— -
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[err] Interferon (IFN-[err]) This is a factor produced EVE%QME&%ﬁgg
cells; it.in endowed with antiviral propertiesg, .t in ibitsREﬁEACED
mul tiplication of viruses and parasites and causes the |ysi s of—
cells and sone tu
di splays an antiv

BEEN

BUadABlle e b Bied CRL| Sedlile TBEOLKeRD villines.

ic effect on infeCted cells. TFN-[err] has

been used in imMmunot her apyRed tideciliy | RS dovanéstiondd! Widleic acid

nesot hel i um

10

15

20

25

insertion sequence(s), coding for ocne or more predeter-

mined cytokines, are contained in a defective adenovirus

. genome lacking the essenti_al nucleotide sequences needed

 for replication of these adenoviruses, and more especi-

a.ll_y the' transactivators ElA ﬁnd E1B and, where appropri-
ate, the. E3 region _ofl the adenovirus, or alternatively
its El1 and .ES_regio'ns.'

In other words, the invention turns to good
account the capacity of these defective recombimant
adenoviruses to allow the insertion sequence they contain
to be expressed in the cells they invade even when, on
account of their deféct;tve 'charac.t':ex, .they do not multi-
ply therein. In other words, the cbjective of the inven-

tion is to cause cytokines to be secreted actually within

the cells of the tumour to be treated (tumor cells
themselves and | cells, in particular ljmphocytas_, which
infiltrate these tumors) when these cells have beén_
infected with these defective adenoviruses, especially
when the latter are injectéd dii:ectly into the tumor. The
cytokines produced will thus activate first and-foren_ost_,

in situ, the éytotoxic cells infiltrating the tumor and

those presen't' in proximity to the tumor. |
Regarding the sequence for insertion_into the

‘defective recombinant adenovirus genome, this may be

chosen from all those which express a cytokine capable of
exerting either a'di.rect_ antitumor effect, or an activat-~

ing effect on immunocompetent éells, of the body, or both

T




Natural’ly, the invention is not linited, as regards the choice of jnsertion
sequences which can be used in adenoviruses 8ccord| ng t THrSaShEE’FHF\SCBEENt
t hose sequences which have been-identified afove. Never Jabepl atte

are- |IIustrat|ve of g%gpal ette of possi- bilities whic
t he therapist, sponsi bl e for making the choice of the nost

sui t abl e def ect | ve recog%%nba%yl 'é%c%%.usﬂej nfUﬁ.Jwiigﬁt Qlfayt hse

nature of the tunours to _
' mentioned as examples: IL-1, IL-2, IL-3, IL-4, IL-5,

IL-6, o interferomn, ¥ inte:feron; tumor pecrosis factor
5 alpha (TNFa), | | | |
The same recombinant adenoviruses m.ay. also be
used in the case of certain diseases in whi.ch- there is an
immune deficiency and in the case of certain parasitic or
viral disaeases, 'espeéially Y, o interferon and/ or GM-
10 CSF), in particular by. administration systemically or via
cells, preferably hunan eclil, taken in a state that
allowa them to be :I.njocted into hmns these cells
.having prev:lously been infected w:l.th a recombimt
de_feq:ti_ve adeaovirus according to the i.nvent:lon._ '
15 The properties of some of these éytokinea ‘are
. recalled below. | B
Inte kin- =1): _
This is produced essentially by activated
macrophages and monocytes. Its molecular weight is
20 approximately 17 kilodaltons. It displays several acti-
| vitiel, includ:ing: | T |
a) a chemoattractive action on poly;nn:phonueiear
cells and ngc:ophigos (1, 2),
b) an increase in the cytotoxic activity of
25 spontanecus cytotoxic (natural killer or m:'ce] 1s),
c¢) an induction of fever following an _infecticn.
| .d) most especially, the activation of T cells for
the production of other factors.

I
eet Has Been Ri laced
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The invention also relates to pharmaceuti cal conposi t i oh3HSRHEFEHAS BEEN lor
nmor'e reconbi nant vectors as described = abgve, in onmbi ARLABED wi t h

a -7- pharnaceutlcally acceptable vehi cl e, especial |l y—stertTe, 1sotonic
conposi tions whi dfipcte tly IAterleukin-4 (IL-4) and
| er in- L-5) 3

These are produced by activated T lymphocytes.
The action of these 'cytokin&a is restricted to éells of
5 the immune system, they cause their multiplication and
their activation: IL-2 and IL-4 have been tested in
antitumor immothergpy in mice and in man. In mice, they |
act synergistically and cause tﬁncr regression. -
Interle -6  -6
10 | This is producgd by many cell types including T
1yirph‘6cyt:es, macrophages, fibroblasts, etc. It induces
the final differentiatiom of B lymphocytec, which beccfme
antibody producers. |
or Necr 8 Fac : ' >
15 This is a factor produced by macrophages. It has
a dual _act:ion. a direct action on tumor cells causing
their lysis and an activation of the immune system.
The use of TNFa in man must be carried out
cautiously since a large number 'o:E éells possess the
20 receptor for -itz _ 'wh:l.ch accounts for the importance of
' inducing its secretj.on only locally, 'act:t_ully within the

' tumor, to limit its adverse effects on the other cells of

the host. , _ )
Interleukin-3- (IL-3), JIpterleukin-7 (IL-7) and Colony
25 stimula gtor (Cf | L

These are hematopoietic growth factors. They are
ptodueed essentiﬁlly by lymphocytes, monocytes and
macrophages. They act at different levels of hematopoie-
sis, that is to say of the different stages of

This Sheet Has Been Reﬂ
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the tumors to be treated, or dry, in particul ar | yophi | ijZigfls SEREPRIS BEHN
whi ch, by the addition of sterilized water OE of physi oliogi cagralgeRe as
t he case may be, enabl e sol uti ons- whi ch can De injected " rccT —Rto-the

t to b d t d t t |
rrltj)gﬂfedoadgnga ﬁﬁggggentt‘iﬁﬁ%ﬂd[ usréntf‘r3 16'1'? ords kguggvgg['aggkoaon gﬁ'olnga?and
of avoiding di ffgapgmh { Negh © QRUEN A e 2P  WubytANEES] | et H6cOE U the
circul ation, cofiseqlent

_bedy’s primary defences as regards the bacterial

defences, 1uri_ng the mcroﬁhages to the sites of infec-
5 tion and increasing their capacity for ph_agqcytosis.
In combination with IL-2 and IL-4, GM-CSF proves
to be an important antitumor factor.
y Interferon (IFN-v)
| This is a factor produced by activated T cells;
10 it 'is endowed with antiviral.properties; it inhibits the
multiplication of viruses and | parasites and éauses the
lysis of infected cells and some tumor cells.
o _Inte er IFN-o
Produced by T cells and :nonoeytes, this displays
15 an antiviral and lytic affect on infected cells. IFN-a
| has been used in :I.munotherapy aga:i.nst: some types of
cance:, :.ncluding nesothelium |
Naturally, the invention :ls not limited, as
regards the choice of insertion sequences _which can be
20 used in adenoviruses according to the invention, té those
| sequences which have been identified above. Nevertheless,
‘the latter are illust:rat:i_ve of the palette of possi-
bilities which #e affordad to the therapist, who is
responsible for making the choice of the most suitable
25 'defective recombinant adenovirus to be used in the light
of the nature of the tumours to be cembated.
The 'inveﬁtion' also relates té' pharmaceutical
compositions comprising one oi more recombinant vectors
as  described abava, in  combinatien with a

\\\\\l\\\\\l\\\\\l \lﬁm



si-de effects |liable to be exerted by the cytokfnes expr
other than on the sites where the manifestatyon of thei{ act RERL :
in this instance the tunor cells thenselves or the cellS—tmparticul ar
| ymphocyt es, whi LoLLL: ' r | : e | & d L gte
proxi-mity. Pref eégﬁﬁsh%ﬁ{eﬁl&%lg tlmg% \gacbg{ér %%‘?){fé'a{u ﬁ%’f’%‘%} Ié_eas ﬁl'ﬁ' at
| east one site of fbgnPLi MBENokYERbnsGhibh chi BOGAIWECEA WitéaLifdideo

adm ni str a-

a‘é;‘&?wﬁg

the tumors to be treated, or dry, in particular
lyophilized, compositions which, by th'e. addition of

5 sterilized water or of physioclogical saline as the case

may be, enable solutions which can be injected directl}'
into the tumors to be made up or 'reconstitut:ed.

Direct injection- of non-replicahle,. modified
adencviruses into the tumor affords the advantage, on the

10 one hand, of a_vo:i.ding diffusion of the rec;ombimt adeno-

 viruses in the general circulation, with the éonéequent
gide effects liable to be exer{:ed by the cytokines
expreséed in places othe_r -t:hu; on the sites where the
manifestation of their action is sought, in i_his instance

15 the tumor cells themselves or t:hé ‘cells, in par't:iclzular'
1ymphocytes.,. which infiltrate them or which are present
in their imediite proxiﬁity'. Preferadbly, thé' injection
is carried out at the very least in at least one site of
.the primary tumor. _

20 Neither is the invention 1i.ni£ed to administra-
tion of .t:he recombinant adenoviruses  containing the
sequences coding for the cytokines of the kind in ques-
tion directly in the tumors. Any other adniﬁistrat:ion
route permitting access of these recombinant ad_enaviruées

25 to the tumor to be treategﬁ may be envisaged. In particu-
lar, use may be made __of cells which are compatible with
the host, for example human fiﬁroblaqt:s, preferably ones
préviously removed from the host him- or herself.

The invention also relates to cell cultures, for

This Sheet Has Been Reﬂlaced




tion of. the reconmbi nant adenovi ruses cont ai ni ng the seq enCES“
t he cytoki nes of the kindin ques- tion dikregtly in the jtunor: ‘-
adm ni stration. route pernmtting access of these reconbi nant adenoviruses to
the tumor to be iekasipde NBiilkaredvi filgreblastpapreviously Unfentedewinte
of cells which are conpatible with the host, for exanple human fibrobl asts,
preferably ones pegdémbinant unisid ramldélﬁm dspecislhyprthef defeetive
i nvention also relates to call cultures, for

adenoviruses defined above. These infected cells, where

appropriate attenuated or rendered imunologically inert,
5 for example by irradiation, contribute to the eradicatiog
of installed tumors when they are injected systemically.
Thies injection may be envisaged eit:._hdr alone, or in
addition to injection directly into the tumor. _ |

. The subfe!ct of the invantién_ is also i method for

10 obtaining .the recombimt adenoviruses described above,

| which comprises, after the actual step of construction of
a vector by intréduetion of one or more insertion nucleic
acid(s) into the genome of the initial defective
adenévirué, a step of trhsfomtim of transfofmahle

15 cell lines of higher eukaryotes (in particular of h@m _
or animal origin) tﬁelve,s g:ontai’mlng :a sep'atat_e |
nuc'._leotide 'se.guenc'e capable of complementing the por-
tioﬁ(s) lacking in the genome of _the defective adenovirus

. and without which replication of the latter is prevented,

20 said separate sequence preferably being ii_:corporated in
the gendne of the cells of said cell line. -

‘A8 a pre'ferréd example of such..cell lix.;;_es. .t:here
may be mentioned line 293, a human embryonic kidney line
which gontnins," integrated in its genome, the first

25 eleven percenﬁ of the left-hand end of the gencme of a
type 5 adenovirus (Ad5) .' This fraction can then comple-
ment defective recombinant viruses which carry deletions
of this region. Such a production method is described,

_ nbre eape_cially, in EBuropean Patent | Application

___—————————“‘/— .
Has Been R laced
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exanpl e. cul tured fibroblasts previ ous| y infect ed W t h recombi-rant
acids, nore especially the defective adenovi quses defi 1éﬂwaﬁdz./§§f Hﬁ@é}:

i nfected cells, where appropriate attenuated or renderg¢d m‘rﬂEﬂlASéﬁ)call

@an

ﬁI;C

inert, for exanphg by, 1859828 iep.26101y8HUte to the eftadrcarton of
Install ed tunors when they are injected systemcally.

10

15 -

20

25

After transformation of these cell lines, the
defective adenoviruses thus multiplied and produced are
recove:fed from the culture medium of the cells of these
lines and purified.

Further details of the present invent:.on will be
given in the description which follows of the poss:i.-
bilities of construction of a recombinant vector
adenovirus containing at least one sequence. coding for a
cytokine, especially a lymphokine. |
I. METHODS
A) Cell vi

 Ad- 5'-transfqﬁqd human embryonic kidney cell line
293 (Grabam et al., 1977) was used for 'the;_tran'sfect:l_.on
of DNA as well as for the multiplication and titration of
adenovirus (Ad). In effect, cell line 293 complements the

functions of the genes for El1A and E1B functions and

permits the replicaticn of defective Ad recombinants. For
the construction of the recombinant Ad, human AdS5-d1324,
carrying deletions in the E1 region (3.9-10.5 m;h.) and

'E3 region (78.5-84.3 m.u.); was used (Shenk and Williams,

1984). Cell lines 293, EHela and Vero were main-

_.tained in an Eagle minimum essential culture medium with

10% of fetal calf serum.
b) Construction éf ' a ress
o ifferen tokine | |
The eukaryotic expression vector pm.rlo has been
described (Ballay et al., 1985). A derivative of this

vector (pMLP18) was constructed by insertion of a
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This i-njection nmay be envisaged either alone, or in ad |m,$)rg;.ﬁgg1-|m5egggg\p
difectly into the tunor. The subject of the anentlon i}s SRERMED od f
obt ai ni ng the reconbi nant adenovi ruses desc} béd above,

ft th tual st f | ' f .‘

?rgrgri_nsgr? foﬂarﬂéﬁf Sy C%??ﬁ‘*ﬁ?‘f o LE£GrURE" Fiotd TEEREUELLQRO e 0Es O

aden , t { f X I |

cderont . 3 sl 0L Bl RAr AP B a8 okt il
gites thus permit cloning of the different genes 'c'oding

- for the chosen cytokines under the control of the viral
5 promoter. Downstream of this segquence containing these
single restriction sites, the seguence containing the
polyadenylation signal of the gene coding for the _e.arly
antigens of SV40 virus were placed. The BgIIIX -
HindIII fragment of AAS is cloned downstream. This 3-Kbp

10 sequence contains the gen§ coding for protein IX
which_ is neceasary' for encapsidation of the viral genome
exceeding 97% of its noml. size, and permits subsequent
in vive recombinatiocn. Sequences coding for the genes for
the differeant cy_tokines are isolated from plgsinids

15 obtained from different teams. These nequences; obtained
after cleavage_.by means of d:_l.fferent restriction enz.ynes,.
are introduced intﬁo the multiple clbning site of the
expression vector described above (pMLP- 18) . The differ-
ent plasmids designated pMLP- cytol:ine (n.-z, IL-4, and

20 the like), which are used for obtaining the recombinant
viruses as described in  the following section, are
thereby obtgii:ed_.. |
c) TIxa -] . . iso _ of recombi.

25 ~ The Ad-cytokine defective :ééonbi_napt: adeno-
viruses were cbtained by in vivo recombination between
the straight fragment of the viral gencme ptevioualy
cleaved with the restriction enzyme Cla I and the
homologous sequence existing on the plasmids

TN “7i||




or-aninml origin) themselves containing a separate nu Pé@t&d&ng HRER
capabl e of conpl ementing the por- tion(s) J aeking in the enoREPm é?u
defective adenovirus and without which replication of the | attTe
prevented, said SgRBLaieokEAEC HeBdHiYEd boves THel MK tRHeA (X wetbfag-
genone of the cells of "said cell line. As a preferred exanple of such cell
lines, there naymggt"BE! tRRCHiralcgéBame? (246 AV AVE Kivl ey phPLEIBECh
contains, integrated in its genone, the first .

' after cleavage, and of the plasmid linearized with the

restriction enzyme Cla I or Pvu I is transfected int:o
5 293 ceils using the calcium phosphate precipitat:ion
 method (Graham and Van der Eb, 1973). Cell plaques
showing a cytopathic effect are isolated 10 daya. later
and the virus ims amplified in culture. The viral DNA was
extracted by the Hirt procedure (Graham et al., 1977) and'__
10 | the recombinant viruses were identified by mapping with
restriction enzymes. _ |
Figure 1 shows diagramatically. a construction of
this type employing a.n insertion segquence coding for an
interleukin (IL-2, IL-4, and the like). |
15 In this figure: |
- | "]leaders” corresponds to a tripartite leader
- = - "pel" corresponds to a “deletion" |
- ~ Ad dl 324 corresponds to an adenovirus provided with
the abovementicned "deletions".
20 d) 2 . o ences co or an essed
Hein : or Vero cell lines are infected with
the defective recombinant viruses cbtained. chls effec-
- tively transfected may be characterized essent:iil_ly by.
.25 means of detect_ioh of the activity of the cytokine
released into.the:‘.r culture medium. In thé case of IL-IL-II
yields capable of reaching from 1 to 2 ug .of
interleukin per 10° cells have been observed.
Cells infected with an Ad-cytolﬁino recombimt

miiiin‘i‘iilfﬂfi’ i




el.even ,percent of the left-hand end of the genone of
(Ad5). This fraction can then conpl e- nment_ caie‘;pectlve
which carry deletions of this region. Such

roducti on

descri bed, nore s%&%ﬁ%‘ Al h¥sap1t abbuaRE?Be ERRCEFtoRRAk §atbOPne cugture.

10

15

. 20

25

medium. D:Lfferent methods exist for the detection and
quantification of the cytokines produced. |
‘1) Quantitative methods: |
- ELISA, using _spec;i.fic antibodies
- RIA (radioimmunocassay)
- Western blotting
2) MM’LM (or _hiotests) : based on
the biological properties of qytokines
For example: - | |
IL-2: Test of proliferation of CTL-L2 cells (CTL-
L2 cells mlt:iply and are maintained in culture only in
the presence of IL-2 in the culture mditm)
- IL-3 and GM- CSF: Test of proliferation of TF-1
céii§ _ |
_ IL-4: Test of proliferatioﬁ of CTL-L2 cells and
iﬁduction of.l.saluble CD23 with certain cells including
lyméhocyt:es. _
.m-az Cytotoxicity test on L92-9 cells.
Neutralization test: The effect of cytokines may
be blocked by ineubating the target cells in the presence |
of cells of specific antibodies,
Some results cbtained with ﬁhe_ adenovirus vector
carrying the IL-2 gene (Ad-IL-2) are described below.
1) Cells infected in vitro with Ad-IL-2 secrete sig-
nificant amdunts of functional IL-2. o R
2) Direct injection ofl the vector carrying the IL-2
gene into tumors already esltabliahed in the animal (the

tumor diameter at the time of injection is between 4 and

i M0
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defective adenoviruses thus mujtiplied and duced are- remgA@Ebfromthe
culture nediumof the cells of these |ines a d pur|f| —Fur-ther—~detailis of

the present inve “E'gn\;\%db‘?gggly &Lbn%de&s’_prwgl dfen &%I Ie&wsw c=hhe

possi- -bilities reco I nant “Vector I rus .

containing at 'emi}nEQSgﬁe‘l%%&% Cﬁg' Egsft%:ﬁization of the size of the

tumor, and then its regression to the point of complete

No. 0,+185,573 of 20/11/85. After transformat|on of the3HIS Sﬁtftrj{,ng;;57

'disappeara.'nce in 40% to 50% of cases.

5 | This result may be improved by treating the |
tumors in an earlier phase of its development or by -
using different vectors:at the same time, for exa.inple
combination of Ad-IL-2 with Ad-INF and/or Ad-IL-4,
Ad?G!!-CSF, Ad-IL-3. This éombination has to be specified

10 according to the type of tumor. ' |
3) “Tumor célls infected in vitro and then injected into
syngeneic animals or even immunodeficient animals (Niz/m:
micé) lose i:heir tumorigenic power (at least up to 80% of
the animals rejeét the t@r cells; in other words, the

15 tumor cells no longer preoliferate in 80% of iﬁmo&efici-

ent #ﬁimls injected with these cells.
4) Animals which have r_ejécﬁed a first injection of
infected tuinor cells are highly immunized and are pro-
tected against parent (uxu.nfected) tumor cells :.nj ected

20 | at different times and at different places.

When cpinjected with tumor cells infected in
vitro, the spleen cells of these immunized an:'f.na.l.s are,
furthermore, capable of tranaferring the. antitumor
immunity to recipient animals. |

25. It is 'self-ev:.i._dent that the descriptions of
constructions of recombinant defective adenoviruses
envisaged above are in no way 1:t.nii:ing in character.
Other constructions may be produced, in -~particular
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cytokine, especially a |ynphokine. |. METHODS A)  Cel I's""%”aﬁcﬁﬂﬁEFJ%BEEN;
Ad- 5-transformed human enbryoni c ki dney ceIJr [ine 293 (GrahaREBkAGzﬁD 1977)
was used for the transfecti on of DNA as vel¥®as for the TOTT] pllcatlon and

titration of adenovirys (Ad). I ef fect, cell ne 293 cp
functions of thBCGeXREsBSr ﬁ#%l&& ‘?;mdIl nggg geiow as
replication of defective Ad reconbl nants. For
examples.
1) Promoter exchange

The adenovirus major late promoter may be
5 replaced by other pronote:és ‘which are ubiquitous but of |
exogenous or:.gin. suoh as: |
- promoter contained in the LTR (1ong terminal repeat)
of RSV (Rouse sarcoma virus) | '
- the ﬁ:ou’noter of the IE gene of CMV (oytomega.lovirus)
10 - The MMTV (mouse mamry tumor wvirus) or netnllo-
thionine inducible promoters. '
Similarly, promotars permitting a more speoific
expnesaion rest:i:_ioted to tumor cells, may be used, such
as, for example: | ‘
15 - . the pronoter of the rep gene of parvovirus HI.
The invent:i_on also reletee to a recombinant
'.nuoieio ae:_Ld o:f the. abovementioned type, characterized in
that the genomic segquence of the adenovirus lacks its 5’
end region downstream of the eerly promoter of the ElA
26 region of the adenovirus, and in that the seguence coding
for the cytokine is placed nnder the oon:nol of this
early promoter. This reoonbi.nant."nuoleio acid may alsoc be
employed in epplioations menticned more especially_ in-
conneotj.on with 'neconoinent DNAs :!.n'whioh the sequence
25 coding for the .cytokine is placed under the control of
| the adenovirne major late.proinoter. '.
2) Simul eocus ressi . eve t
3 types of constructions are described:

| R
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t he censtruction of the reconbi nant Ad, human Ad5-d1324*{H;gsa$§ﬂl§,ﬂTn!gA$l(ElEENi ons
I h:the E1 region (3.9-10.5 mu.) and E3 regiaon (78.5-84. mﬁEF)_ACEBlS usgd
(Shenk and WIllianms, 1984). Cell lines 293, LBel-a ' aRe—vero—weT e,

main- tained in an Eag)e minj essential culture medium w th % fetal

calf serum b) -ConsEREciHFPRADS| geness axeunder; Fhe SRR oﬁ’ f two

different cytoki nee The UGIIQl | & & REERRL LA Rla P00

D (ap
‘and RSV, for example) and are located following one
another. |

5 - the cytokine genes are under the control 6f separate

promoters cloned into separate regions of the virus.

" This Sheet Has Been
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descrihed (Ballay et al., 1985). A derivative of this vector (pPM.P18) was
constructed by |nser ion of a sequence contalnlng dlffere
restriction sitd® 2324m of  the adenovi tls~ maj o H@b ﬁd t
sites thus permt cloning of the differen s codli

cyt oki nes under the control of the viral éL REPLACED

1. Recombinant nucleic acid cdntaining, on the one

hand a gencmic sequence of an adenovirus which is defect-
ive in that it lacks the sequences needed for its repli-
5 cation, but which nevért:heless contains those sequences
ﬁhich, in t;his genome, are the carrier of the genetic
information neéded for the co::.;esponding adenovirus to
enter the cells which the latter is capable of infecting,
as w'ell. as the set of essential seguences needed for

10 encapsidation of this ndenoviri:s, and on the other hand
an insert containing a nucleic acid seguence coding for
a cytokine, this insert being under the control of a
promoter present in or previocously inserted into the
abovementioned genomic sequence. _

15 2. Recombinant nucleic acid acéordin§ to claim 1,
charaéteriz_ed in that it lacks the transactivators ElA
and E1B and, where appropriate, the E3 region of the
adenovirus. | |
3. Recombinant nuc'le.ic acid according to claim 1,

20 characterized .in thi_t the genomic sequence of the
adenovirus lacks its 5’ end regioi: downstream of the
eai:ly promoter of the E1A region of the adenovirus, and |
in that sequence coding for the cytokine is placed under
the conﬁrol of this ea.rlf promoter. |

25 4. Recombinant nucleic acid according to claim 1 or
claim 2, 'ch:aracterizeld in that the sequence coding for
the cyt:okine is placed under the control of an adenovirus
late promoter.

5. Recombinant nucleic acid according to claim 1,

wwwwnn i




prormt.er Downst ream of this sequence containing theseg 1

si‘tes, the sequence containing the polyadenysptjon sig alr "%
coding for the early antigens of SV4Q virus were placed The

fragment of Ad5 éﬁa?k&%@?i%‘&‘sﬁneafﬁha@' Sehis K

coding for protein

.'Ul

éb”soffhe&‘“é‘

whi ch 1's necessary for encapsi datlon of the viral

genone exceedi nga dkueirlisd 11" FRovEHEE WRIXh PR Brchatds CHURigH ¥V Ehe

recombi nati on.

10

15

20

25

Sequences co

g for the genes for
adenovirus genome, and in that the sequence coding for

-the cytokine is placed under the control of this foreign

promoter.

6. Recombinant mucleic acid, characterized, either
in that the insert contains sequences coding for several
cytokines, or in that it contains sepira’.te inserts
piaced, respectively, under tﬁe control of separate
promoters, which are also separate.

7. - Defective adenovirus, characterized in that it

contains recombinant nucleic acid according to any one of

claims 1 to 6.

8. Culture of cells, in particular of human origin,

characterized in that they are infected with the
#denovirus according to claim 7.

9. Pharmaceutical composition coni:a.ining the recom-
binant adenovirus according to claim 7, in combination
with a pharmaceutically acce ptable vehicle, in particu-
lar. |
10. Use of the recombinant adenovirus according to
claim 7 for the preparation of antitumor drugs, prefer-
ably in a form which can be injected directly into a

tumor of the host.

e

11. Pharmaceutical composition containing cells

according to claim 8, preferably human cells, in a state
allowing them to be injected into humans.
12, Method for the production of recombinant

 defective adenoviruses ‘according to claim 7,

eet Has Been
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t eans. These sequences, .obtained after cleavage by ne
restriction enzynmes, are i ntroduced into the nulti pl e

expr essi on vect or 7eO¥¢ R Erdidroistibh! afamm
desi gnat ed pNLP—cytﬂgglﬁﬁlgh?‘iL 2, ?L 4, air‘lédﬁ%hg li ke), %l%ﬁﬂalre used ?%fell

obtai ning the recg eaaruf Vhigher FukidsStdd(ifl pgairialisv BE Hfkdn Obr

are thereby obtaine
anima_l origin) thenselves containing a sepa:;ate

the-different cytokines are isolated from pI asmi ds obFn“" &d. 41 - géqEﬁr nt
cl on.ﬂ?g’TLé\

nucleotide segquence cipable of complementing the portion
5 | of the adenovirus Qenme which is lacking in the
adenovirus and which would be essential for its repli-
cation, said separate segquence preferably being incorpo-
rated into the genome of the cells of said cell line, and
in that the defective recombinant adenoviruses produced
10 are recovered from the culture medium of the cells of
said-cell lines.
13. Method according to claim 12, characterized in
that the gencme of the defective adenoviruses lacks its
. 5’ end region,' and in t&t the cell line is a human
15 embryonic kidney line such as line 293 which comtains,
integrated in its genome, a 5’ end region of thg genome
of a type 5 adenovirus (Ad5) and having a size corre-
sponding to approximately 11% of that of the whole genome
of this adenovirus. |

N
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c). Transfection of DNA and isolation of reconbinant viruses The

Ad- cyt oki ne defective reconbi nant adeno- viruses were obtamnedwby"hﬁ
reconbi nati on between the straight fragment of the viral eﬁbneipnevmﬁﬁgﬁﬁN
cleaved with the restriction enzyme Cla | and the honpl ogo&EPLAGH uene

exi sting on the pl asm ds

ABSTRACT

DEFECTIVE RECOMBINANT ADENOVIRUSES
EXPRESSING CYTOKINES FOR ANTITUMOR TREATMENT

Recombinant nucleic acid for use in the.production of a defective adenovirus
containing an inserted sequence coding for a cytokine under the control of a promotor
in the genomic sequence of the recombinant adenovirus. Said recombinant
adenovirus is useful in the preparation of anti-tumoral drugs capable of being directly

injected into the tumor of the host.
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DNLP-CYIokin%wggiﬁgi ed above. The mi xture oﬁHﬁhéﬁffhdASdﬁﬁN of He,xi}al

genone (2.6

0 mu.), purified aftel cl edRERYACERNd of| t PeT{iiR

linearized with the restriction enzyme a ForPvu T 135 transfected into
293 cel |l s using the cal ci um phosphate precilpitati on method (G aham and Van

der Eb, 1973)

Cel | plaques showing a cytopathic effect g¥®Risolated 10

days | ater and the virus was anplified in culfure. The vi{3R BAaS

N

i R

FIGURE 1
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-in vivo recombination
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extracted by the Hrt procedu're (G ahamet al.,

viruses were identified by mapping with restrict'

di agrammatically a construction of this type em:
sequence coding for an interleukin (1L-2, IL-4,
figure: -° "| eaders" corresponds to a tri part|
corresponds to a "del etion" -t =
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- DATE 31~JAN~1997T
DEFECTIVE RECOMBINANT .mmﬁmsm—w. ----------------

CYTOKINES FOR ANTITUMOR ma.m

Cytokines are molecules (homones.) produced by
cells following an antigeric stimulation or an activation
by other factors. The first cytokine which will has been
produced is interleukin-l (Il-1l). It permits activation
of the T cells which, in turn, start producing a
wh:;le battery of lymphokines, some of which are essential
for the.activation of. the immune system and the defenses
against viral or parasitic infections.

For some years, c¢ytokines have been uaed in

anticancer immmotherapy. Nevertheless, when they &are
administered systemically, a number of problems arise.

I1~2, for example, produces qﬁite subgtantial side effects;

it is rapidly metabolized, sc that high doses have
to be adminigtered repeztedly.

Better administration routes which would '1ncr§a.ae
their efficacy while decreasing their adverse effects are
hence being sought.

The subject of the invention is hence defective
recombinant adenoviruses .ezpressing one or more cyto-
kines, as well as the use of these recombinant adenoviru-
ses for making _ pharmaceutical compositions, in par-
ticular antitumor compositions, more especially compomi-
tions which can be injected directly into solid-tumors of
the host. _

The subject of the present invention is defective

recombinant adenoviruses, characterized in that they

"contain a defective, non-replicable adenovirus ganome

This is the replacement shest
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- .Ad dl 324 corresponds to an adenovirus provided with the abovenenti oned
"del etions". d) Expression of the sequences coding for an expressed

cyt oki-ne Hel a or Vero cell lines are infected with the defective
recombi nant viruses obtained. Cells effec tively transfected may be
characterized essentially by means of detection of the activity of the

cytokine rel easgg LL: bRebke Gl il WRALETE ddid BogeRRReR! ablihgtdr
one more cytokines, in particular lymphokines, are
ingerted under the control of one or more promoters
capable. of being recognised by the polymerases of human
cells, more egpecially of human tumor cells or of cells
in_filtrating these tumors.

The invention relates more especially to recombi-
nant nucleic acids. capable of being used for the produc-
tion of such defective recombinant adenoviruses.

Such a recmbinanf. nucleic acid is characterized
in thae it containsg, on the one'hand a genomic sequcncem

of an adenovirus which is defective in that it lacks the

sequences needed for its replication, but which neverthe-
less contains those sequences which, in this gencme, are
the carrier of the genetic information nesded for the
corresponding adenovirus to enter the cells which the
latter ig cepable of infecting, as well as the set of
esgsential sequences needed for encapsidation of this
adenovirus, and on the other hand an insert contu.in:i.ng a
nucleic acid sequence eoding for a cytokine, this insert
being under the control of a promoter pr.esent in oz
previously inserted into the abovementioned genomic
sequence.

Adenoviruses, in particular type 2 or $ adeno-
v:-i.ruses- capable of infecting humans (or human adeno-
viruses), or nlte:nativelir sexotype 4 and 7 adenoviruses,

- represent _ekpecially pref;:red vectors in the context of
the present invention, on account, in particulayr, of the
-large size of the foreign DNA £raMt which if. is

-
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yi el ds capabl e of reaching froml to 2 [err]g of interleukin per 10[err] -
cells have been observed. Cells infected with an Ad-cytoki ne reconbi nant
- 12 -.-secrete variable ambunts of the cytokine into the culture nmedi um

‘Different "nmethods exist for the detection gnd

possible to insert into the genome of these viruses.

Advantageocusly the abovementioned ‘nucleic acid
ingertion sequence(s), coding for one or more predetex-
miped cytockines, are contained in a defective adenovirus
genome lacking the essential nucleotide sequences needed
for replication of these adenoviruses, and more especi-
a.liy the transactivators E1A and é:.n and, where appropri-
ate, the E3 region of the ademovirus, or alternatively
its E1 and E3 regions. '

‘In other words, the invention turns to good
acconnt; the capacity of these defective recombinant
adenoviruses to allow the insertion sequence they contain
to be expressed in the cells they invade even when, on
account of their defective character, they do not multi-
ply therein. In other words, the cbjective of the inven-
tion is to cause cytokines to be gsecreted actually within
the cells of the tumour to be treated (twmor cells
themselves and cells, in particular lymphocytes, wh:i.ch.
infiltrate .:hese tumors} when these cells have been
infacted with these_ defective adenoviruses, especially
when the latter are injected directly into the tumor. The
cytokines produced will thus activate first and foremost,
in situ, the cytotoxic cells infiltrating the twmor sud
those present in proximity to the tumor. -

Vo Regarding the sequence for insertian_ into the
defective recombinant adenovirus genome, this may be
chosen from all those which express a cytokine eaﬁahle of
_gxérting either & direct antitumor affect, or an activat-

. ing effect on immunocompatent éalls of the body, or both

This is the reptacement sheet
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quantification of the cytoki hes produced. 1) Quantitative nethods: - ELISA,
usi ng specific antibodies - R A (radi oi nmunoassay) - Western blotting 2)
Qualitative nmethods (or biotests): based on the biological properties of
écytoki_pes For exanple: IL-2: Test of proliferation of CTL-L2 cells (CTL-
, \ .
together.
. Among these eytokines, the follu\dng_ may be
.nenti.oned as examples: IL-l, IL-2, IL-3, IL-4, IL-5,
IL-é, o interferon, Y interferon, tumor necrosis factor
alpha’ ('I'NF_a).

The same recogbinant adenoviruses may also be
used in the case of certain dileisas in which there is an
immune deficiency and in the case of certain parasgitic or
viral disaeases, a’speciully Y, o interferon and/or M-
CSF), in particular by adminil&atim systemically or via
cells, ‘prafernbly human cells, taken in & state that
allows them to be injected into lumans, these cells
having previously been infected with a recombinant
defective adenovirus according to the invention.

The properties of gome of thege cytokines are
recalled below.

te in- -

This is produced eamentially by ::ctivated
macrophages and monocytes. Its molecular | weight is
approximately 17 l:iloﬂalt:ons. It displays several acti-
vities, including:

2) a chemoattractive action en polymorphonuclear
cells and macrophages (1, 2), |

b) an incremse in the cytotoxic activity of
spontaneous cytotoxic (natural killer or Nk cells),

c) an induction of fever folleowing an infection,

:i) moét especially, the activation of T cells for
the production of other f“?m" This is the replacemerit sheet
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L2 cell,s nultiply and are maintained in culture only in the presence of -
IL-2 in the culture nmedium I1L-3 and GW CSF:. Test of proliferation of TF-1
cells IL-4: Test of proliferation of CTL-L2 cells and induction of soluble
CD23 with certain cells including | ynphocytes. INF-[err]: Cytotoxicity test
on L92-9 cells. Neutralization test: The_egfect of cytokines may

terleukin- - _Interleukin- (TL-4) .. and

t eukin-5 L,-5}) ¢

These are produced by activated T lymphocytes.
The action of these cytokines is restricted to cells of
the immune system, they cause their multiplication and
their activation: IL-2 and IL-4 have been tested in
antitumor immunotherapy in mice and in man. In mice, they
act sypergistically and cause tumor regression.

arleukin-6 -

This is produced by m'my' cell types including T
lympho::ytes, macrophages, - fibroblasts, ete. It induces
the final differentiaticn of B lymphocytes, which become
antibody producers. '
Tumor Nec Facto :

This is a factor produced by macrophages. It has
a2 dual action: a direct action on tumor cells causing
their lysis and an activation of the immune system.

The use of TNFx in man must be carried out
cautiously since a large number o£ cells possgess the

' receptor for i.t;:. which sccounts for the .’unpdrtance of
inducing its secretion only locally, actually within the
tumor, to limit its adverse effects on the other cells of
the host. .
Interleukin-3- (IL-3 )’.‘ Interleukin-7 (IX-7) and Colony
gtimniating Factor (CSF).

These are hematopoietic growth factors. They are
produced essentially by lymphocytes, momocytes and
“macrophages. They act at different levels of hematopoie-

. gig, that 4is to say of the different atages of

This is the replacement sheoet
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be bl ocked by incubating the targét cells in the presence of cells of
specific antibodies. Sone results obtained with the adenovirus vector
carrying the IL-2 gene (Ad-1L-2) are described below 1) Cells infected
invitro with Ad-1L-2 secrete sig- nificant- anounts of functional I1L-2. 2)
Direct injection of the vector carrying thé kL-2 gene into tunors already
established in the.animal (the tunor dianmeter at the tinme of injection is
between 4 and differentiation of marrow cells to blood cells. In
addition, CSF exerts vexry substactial effects on the
body’s primary defences as regards the bacterial
defences, luring the mcrophagea to the gites of infec-
tion and increasing their cmpacity for phagocytesis.
In combination with IL-2 and IL-~4, G4-CSP proves
to be an important antitumor factor.
terfe PN- . .
Thig is a factor produced by activated T cells;
it is endowed with antiviral properties; it inhibits the
multiplication of viruses and parasites and caunges the

lysis of infacted cells and some tumor cells.
g_Interferon (I¥N-a) _

Produced by T cells and monocytes, this displays
an antiviral and lytic effect on infected cel]_.a. IFN-o
bag been used in immmotherapy against some typas of

| cancer, including mesotbelium, ' '

Naturally, the invention is nmot limited, as
regards the choice of insertion sequences which car be
used in adenoviruses according to the inveantion, to thuse
sequences which bave been identified above. Reverthelass,
the latter amre illustrative of the palette of pomai-
bilities which are afforded to the therapist, who is
respongible for making the choice of the most suitable
defective recombinant adenovirus to be used in the light
of the nature of the tumours to be combated. |

- The invention also relates to pharmaceutical
‘compositions comprising one or more recombinant vectors

. as  described above, in combination with a
- This is the reptacement sheet
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- 13 - 7 mm induces stinulation of the immune system which manifests
itself in a stabilization of the size of the tunor, and then its regression
to the point of conplete disappearance in 40%to 50% of cases. This result
‘ny be i-'rrpr_oved by treating the

-7 -
pharmaceutically acceptable vehicle, especi_ally sterile,
 igotomic compositions which can be injected directly inte
the tumors -t:o' be treated, or dry, in particular
lyophilized, compositions which, by the addition of
sterilized water or of physiologica';.. saline as the case
may be, enable snlﬁtians which can f:e injected directly
into the tumors | to be ﬁade up or reconstituted.
Direct injection of non-replicable, modified
 adenoviruses into the tumor affor&s the advantage, on the
one hand, of avoiding diffusion of the recombinant adeno-
viruses in the general circulation, with the conseguent
side effects liable ¢o be exartad by the cy!:ol:in;;
expressed in places other than on the sites where the
manifestation of their action is sought, in this irstance
the tumor cells themselves or the cells, in particular
lymphocytes, which infiltrate them or which are present
in their immediate proximity. Preferably, the injectiom
is carried out at the very least in at least one site of
the primary tumor. : iy
Neither is the invention limited to administra-
tion ©of the recombinant adenoviruses containing the
seqﬁences coding for the cytokines of the kind in ques-
tion directly in the tumors. Any other administration
route permitting accass of thase recombinant adenoviruses
to the .tumar to be treated may be envisaged. In particu-
lar, use may be made of cells which are compatible with
- the host, for example human fibroblasts, preferably ones
‘previcusly removed from the hogt him- or herself.

The invention also relates to call cultures, for
' This is the replacement shest
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tunDrs in an earlier phase of its devel opment or by using different

vectors at the sane tine, for exanpl e conbi nation of Ad-1L-2 with Ad-INF

and/or Ad-1L-4, Ad-GWCSF, Ad-IL-3. This conblnatlon has to be specified

according-to the type of tumor. 3) Tunor s infected in vitro and then
injected into syngeneic aninmals or even i' nodefi ci ent animals (Nu/Nu

mce) lose their tunri gen“:gﬁggﬁv\gé_ﬁ{_obﬁ?& U&.g&ﬁ&fyof 15 BEe 04 ”Ws,%h

rej ect the t umor CERR:

recombinant nucleic acids, more especially the defective
adenoviruses defined above. These infected cells, where
appzfapriate attenuated or rendered £mmologica.11y inert,
for example by irradiation, eontribute to the eradication
- of installed tumors when they are injected systemically.
This injection may Se euvigaged either alone, or in
addition to injection directly into the tumor.

The subject of the -invéat:.ion is also a method for
ohtai.ni:ng the racambinant udenovime§ described above,
which comprises, aftar the mctual step of construction ':i;f
a vector by introduction of cme or more insertion nucleic
acid(s) into the genome of the initial defective
adenovirus, a step of transformation of transformable
cell lines of higher eukaryotes (in particular of human
or animal origin) themselves containing a separate
nucleotide segquence capable of complementing the por-
tion{s) lacking in the genome of the defectnre adenovirus
and without which :epl:.cnt:.on of the latter i.s prevented,
said separate sequence preferably being incorporated in
the genome of the cells of gaid cell line. '

As a preferred example of such cell lineg, there
way be mentioned line 293, a human embryomic kidney line
which contains, intggrnted in ite genome, the first
eleven percent of the left-hand end of the genome of a
type 5 adenovirus (MS).. This £r;ction can then comple- |
ment defe-ct.:‘.ve recombinant viruses which carry deletions
‘of this region. Such a production method is described,

. more especially, in Eurcpsan Patent Applicatiom
| ) This is the replacement sheet
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tumor cells no longer proliferate in 80% of inmunodefici- ent aninmals
injected with these cells. 4) Ani mal s which have rejected a first
injection of infected tunor cells are highly inmunized and are pro- tected
agai nst parent (uninfected) tunor cells injected at different tinmes and at
. different places. Wien coinjected with tuaos <ells infected in vitro, the
"~ spleen cells of these immunized aninmals are, furthernore, capabl e .of
transferring the }t ig, 185,573 of 20/11/85.

After transformation of these cell lines, the
defective adenoviruses thus multiplied and produced are
recovered from the culture medium of the cells of these
lines and purified.

Further details of the present invention will be
given in the description which follows of the possi-
bilities of conmstruction of a recombinant vectoer
adenovirus containing at least one sequence coding for a
cytokine, especially a 1ymphoi:ine.

I. METHODS
A) Cells and viruses

Ad-5-transformed human embryonic kidney cell line
293 (Craham et al., 1577) was used for the transfection
of DNA as well ag for the multiplicatien and titration of
adenovirus (Ad). In effect, cell line 293 complements the
functions of the genes for ElA and EI1P functions and
permits the replication of defective Ad recombinants. For
the comstruction of the recombinant Ad, human AdS-d1324,
carrying deletions in the El region (3.9-10.5 n.u..) and
E3 region (78.5-84.3 m.u.), was used (Shenk and Williams,
1984). Cell lines 293, Hela and Vero were main-

tained in an Eagle minimum essential culture medium with

10% of fetal calf serunm.

b} Construction of plasmids permitting g' e gg'resgig
of different cytokines

The eukaryotic expresgion vector pMLP10 has been
: desé:ibed (Ballay et al., 1985). A derivative of this

. vector (pMLP18) was comstructed by insertion of a
' This is the reptacement sheet
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imunitly to recipient animal's. It is self-evident that the descriptions of
constructions of reconbi nant defective adenoviruses envi saged above are in
no way limting in character. Qher constructions nmay be produced, in

- particular, according to the variants also nentioned below as

- 10 -

sequence containing different gingle restriction mites
downetream of the adenovirus major late ﬁiamoter. These
sites thus permit cloning of the different genes coding
for the chosen cytokines under the control of the viral
promoter. Downstream of this sequence containing these
single restriction sites, the sequence containing the
polyadenylation signal of thé gene coding for the exrly
antigeﬁs of BV40 virus were placed. The BgIII ]-
HindTIX fragment of Ad5 ir cloned downstream. Thig 3-Xbp

;equence containg the Qane coding for protein IX
whick is necessary for encapsidation of the viral gencme
exceeding 97% of its mormal size, and permits subsequent
in vivo recombination. Sequences coding for the genes for
the differemt cytokines are isclated from plasmids
obtained from different teams. These segquences, cbtained
after cleavage by means of different restriction enzymes,
are introduced into the multiple cloming site of the
expression vector described above (pMLP-18). The differ-
ent plasmids designated pMLP-cytokine (IL-2, IL~-4, and
the like), which are used for obtaining the recombinant
viruses as described in” the following section, are
thexeby obtainad,
c) ansfection o isola -) comb
viruses

The Ad-cytokine defective recombinant adeno-

viruses were obtained by in vivo recombination betwesn
the straight fragment of the viral genocme previously
-cleaved with the xestriction enzyme Cla I and the

. homelogous sequence exigting on  the plasmids
- This s the replacement shest
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exanpl es. The adenovirus major |ate pronoter may be replaced by other
pronoters which are ubi quitous but of exogenous origin, such as: -
pronoter contained in the LTR (long term nal repeat) of RSV (Rouse sarcoma

virus) - the pronoter of the I E gene of CW (cytonegal ovirus) - The
. MMV (nmouse mammary tunor virus) or netal 'ﬁ' t hi oni ne I nduci bl e
' pronoters. - -

pMLP-cytokine desc:ib.ed above. The mixture 0f the frag-
ment of the viral genome (2.6 m.u. - 100 m.u.), purifi.ed
after cleavage, and of the plagmid linearized with the
restrictio# enzyme Cla I or Pvu I is transfected into
293 cells using the calcium phosphate precipitation
method (Graham and Van der Eb, 1973). Cell plagues
ghowing a cyf.opathic effect are isolated 10 days later
and the virus was amplified in culture. The virzl DNA was
extractad by the Hirt procedure (Grﬁha’n et al., 1977) and
the recombinant viruses were identified by mapping with
rastriétian enzymeR.

Figure 1 shows diagrammatically a construction of
this. type employing an inpertion segquence coding for an
interleukin (IL-2, IL-4, and the like).

In this figure:

- *leaders™ corresponds to a tripartite leader
- "Del" corresponds to a "deletion*
- Ad dl1 324 corresponds to an adenovirus provided with

the nbovmtioned *delationg”,

d) g3 of - 8 codin_ () ad
okine ' -
Hela or Verc cell lines are infected with

the defective recombinant viruses obtained, Cells effac-
tively transfected may be characterized essentially by
means of detection of the activity of the cytokine
released into their culture medimm. In the case of IL-IL-II

yields capable of raacﬂ.ng £rcn 1 to 2 pg of
interleukin per 10° cells bhave been obmerved.: |

Cells infectad with an Ad-cytekine recombipant
- This-is the replacement sheet
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Simlarly, pronoters permtting a nore specific expression restricted to-.
tunor cells, may be used, such as, for exanple: - the pronoter of the
. rep gene of parvovirus H . The invention also relates to a reconbi nant

. nucleic acid of the abovenentioned type, characterized in that the genomc
' sequence of the adenovirus lacks its 5 end region downstreamof the early
~ pronoter of the ELA region of the adenovfr¥&,~and in that the sequence

coding secrete variable ambunt:s of the cytokine into the culture
medium. Different methods exist for the detectionm nnd
quantification of the cytokines produced.
1) Quantitative methods:
- ELISA, using specific mntibodies
~ RIA (radicimmmoassay)
- Western blotting
2) Qualitative methods. {or biotests): based on
. the biological propertiss of cytokines
For example: '
" IL-2: Test of proliferation of CTL-L2 cells (CTL-
L2 cells multiply and are maintained in culture only in
the presence of IL-2 in the culture medium)
IL-3 and GM-CSF: Test of p:olife:atinn of TF-1
¥ cells |
IL-4: Test of proliferation of CTL-L2 cells and
induction of soluble (D23 with certain cells including
ilymphocytes. |
Iﬂf-nz: Cytotoxicity test on L.S2-9 :el:lu.
Neutralization test: The effect of cytokines may
be blocked by imeubating the target cells in the presence
of cells of specific antibodies.
Some results cbtained with the ademovirus vectar
earrying the IL-2 gene (Ad-IL-2) are described below. -
1) Cells infected in vitro with Ad-IL-2 secrete sig-
nificant amounts of functional IL-2.
‘ 2) Direct injection of the vector carrying the IL-2
gene into tumors already established in the mnimal (the

. tumor diameter at the time of injecticn is betwsen 4 and
- “This is the replacement sheet
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for the cytokine is placed under the control of this early pronoter. This
reconbi nant nucleic acid may al so be enployed in applications nentioned
nore especially in connection with reconbi nant DNAs in which the sequence
coding for the cytokine is placed under thgqcaontrol of the adenovirus ngjor
| ate pronoter. 2) Si mul t aneous expression of several cytokine genes 3

types of _COﬂS”UC?i @ith) Al EhHRRE | P€iulation of the immune system which
manifests itself in a stabilization of the size of the
tumor, and then its ragreséion to the point of complete
disappearance in 40% to 50% of cages.

This result may be improved by treating the
tumors in an emrlier phase of its development or by
using different vectors at the same time, foi example
combination of A4-IL-2 with M-m and/or Ad-IL-4,
Ad-GM-CSF, Ad-IL-3. This combination has to be speczfzed
according to the type of tumor.

3) 'Tunor celle infected in vitro and then injected into
syngeneic animals or even immunodeficient aniuals_(uuiiu
mice) lose their tumorigenic poua:.(at least up to 80% of
the animals reject the tumor cells; 1n other words, the
tumor cells no longer prolifarate in 80% of immnnodef;ci-‘
ent animale injected with thege cellg.

4) Animnlg which have rejected a first injection of
infected tumor cells are highly immmnized and are pro-
tected against prrent (uninfected) tumor cells ihjected
at different times aqd at different places.

When coinjected with tumor cells infected 4in
witre, the spleen cells of these immumized animals are,
furthermore, capable of transferring the antitumer
immmity to recipient animals. -

It is self-evident that the descriptions of
constructions of reccmbinant defective adenoviruses
envisaged above are in no way limiting in chazactex.
Other constructions may be p:oduéga, in ~particular

REPLACEMENT SHEET
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- 15 - - t he cytoki ne genes are under the control of two pronoters which
are either identical or different (MP and RSV, for exanple) and are
located foll ow ng one anot her. - the cytokine genes are under the
control "of separate pronoters cloned intggseparate regions of the virus.

according to the variants alse mentioned below as
examples. |
1) Promoter exc Q.

The adenovirus major late promoter may be
replaced by other promoters which are ubiqﬁitous but of
exqéenous origin, such ag:

- promoter contained in the LTR (long terminal repeat}

of RSV (Rouse sarcoma virus)

- the promoter of the IE gene of CMV (cytamegalovirus)

- The' mn'v (mouse mammary .t:uno:_: virus) or metallo-

thicnine inducible promoters. ' _

Similarly, promotarz permitting a more c_peciﬁc
'exﬁresﬁion reptricted to tumor cells, mmy be used, such
as, for example:

- the promoter of the rep gene of parvovirus EHI,
The invention also relates to & recombinant
" mucleic acid of the abovemantioned type, characterized in
) that the genomic sequence of the adenovirus lacks its 5°
end region duwnstrean_ of the early promoter of the ElA
region of the adenovirus, and in that the seguence coding
for the cytokine ig placed under the cont:.:ol of thig
early promoter. Thig recombinant nucleic acid may also be
employed in applications mentioned more especially in-
con;nect:.ion with recombinant DNAs in which the sequence
co'ding for the cytokine‘ is placed under the control of
the adenovirus major late promoter.
2) Bimultaneous expression of several eytokipe g!g' of
3 types of constructions are described:

REPLACEMENT SHEET o
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CLAI M5 1. Reconbi nant nucl eic acid containing, on the one hand a
genom ¢ sequence of an adenovirus which is defect- ive in that it lacks the-
sequences needed for its repli- cation, but which neverthel ess contains

. those-sequences which, in this genone, are the carrier of the genetic

- the cytokine genes are under the control of two
promoters which are either idemtical or different (MLP
and RSV, for example) and are located following one

ancthay,

- the cytokine genas are under the control of separate

promoters cloned into separate regiong of the virus.

‘This is the replacement sheet
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I nf ormati on needed Tor The correspondi ng adenovirus to enter the cells
whi ch the | att efpi SheGRAMRRGlactdNf eCting, as well as the set of essential

sequences. needed ion of this adenovirus, gLt 1
hand an insert c mmmmgml | ei ¢ aci d. ggguence codi nﬁ"%oﬁ"?cﬁ %bﬁﬁg
this insert bein REBLA

trol of a pronoter present i vi ougly
inserted into the abovermentioned genom qramgence. 2. Reconbi nant
nucleic acid according to claim1, '
1. Recombinant nucleic acid containing, on the one

hand a genomic sequence of an adencvirug which is defact-
ive in that it lacks the seguences needed for its repli-
cation, but which nevertheless contains those sequeacés
which, in this genome, are the carrier of the gemnetic
information needed for the corresponding adenovirus to
enter the éells whkich the lattexr .iB capable of infecting,
az well as the set of essential megquences needed for
enca.psi‘aation of tbis adenovirus, and on the other hand
an ingert comtaining a nuclaeic acid sequence coding f;o:
a cytokine, this insert being under the control of a
promoter prese.ni: in or previcusly inserted into the |
abovementioned genomic segquence. |
2. Recombinant nucleic meid mccording to claim 1,
characterized in that it lacks the transactivators EiA
and E1B and, where appropriate, the E3 region of the
adenovirus.
3. __.Recombi;unt nncleic acid according t:; clainm 1,
characterized in that the genomic sequence of the
adenovirus lacks its 5’ end region downstream of the
early promoter of the ElA region of the adenovirus, and
in that segquence coding for the cytokine iz placed under
. the control of this ea:lf promoter.
4. Recombinant nucleie acid according to claim 1 or
claim 2, characterized in that the sequence coding for
_ the cyt:oki:.'xe is placed under the control of an adenovirus
" late promoter.

S. Recombinant nucleic acid according to claim 1,

* c L M S *
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characterized in that it |ack
apprmalsmtmsa ed €gi on of

aci d Ial m1, craractREpLszD n that the! .“,,_‘
t he a s its 5 am of F-orreted-0Of
t he he adenovirus, and in~th&t~sequence codlng for the

cytokine is pI aced under the co&rol of th| s early pronoter.
characterized genomie sequence of the

Q)

adenovirus ip provided with a prmot.er foreign to the
adenovirus genome, and in that t‘.he sequence coding for
the cytokine is placed under the comtrol of this foreign
promoter. _
6. Recombinant nuclefic acid, characterized, either
in that the insg::t contains sequences coding for geveral
. cytokines, or in that it qontnina separate jinserts
placed, respectively, under the control of separate
promoters, which are also sepﬁ:até.
7. " Defective adenovirus, char.nctu-ized in that it
containg recombinant nucleic acid according to any one of
claims 1 to 6.
8. . Cult:m-:_e of cells, in particular of buman origin,
characterized  in tl':ntl they are infected with the
adenovirus according to claim 7. '
9. | Pharmaceuntical composition containing the recem-
binant sdenovirus according to claim 7, in combination
with a pharmaceutically acceptable vehicle, in particu-
lar. |
10. . Use of the recombinant adenovirus according to
claim 7 for the preparation of antitumor drugs, prefer-
ably in a form which can be injected directly into 1 1
tumor of the host.
11, Pharmaceutical composition containing | cells
according to claim 8, preferably human cells, in a state
.allowing them to be injected into humans.
- 12, Method for the production of recombinant

defective adenoviruges according te ‘claim 7,
= | This is the repiacement shee
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—-——-_’-____‘——-‘-"_—- ”
4. Reconbi nant nucl ej ¢ .acid according to Caim1 odf TISQSHERT HAS BEEN
char act er i zenis Sheet et} quence coding for the cytokijne i sRpPIAEED unde
t he control T MMls | ate pronoter. 5. . Reconbrnant nucrerc act

“according to haracterized in that the genomc sequence
of the- - 18 -

characterized by the transformation of transformable cell
lines of higher eukaryotes (in particular of human or
animal origin) themselves containing a separate
nucleotide sequence capable of complementing the portion
of the adenovirus genome wh:.ch is lacking in the
adenovirus and wh.xch would be eapential for its repli-
cation, said separate segquence prefega,bly being incorpo-
rated into the genome of the cells of said cell line, and
ix that the defective reccmbinant ademoviruses produced
are recovered from the culture mediwm of the Qe:l.ls of
suid cell lines.
13. ' He.thod according to claim 12, characterized in
that the genome of the defective adenoviruses lacks its -
. 5§’ end region, and in that the cell line iz a huun
embryonic kidney line such as line 293 which comtains,
integrated in its genome, a 5' end region of the gepnome
of a type 5 adenovirus (Ad5) and iuvi.ng a size corre-
sponding to approximately 11% of that of the whole genome
of this adenovirus.

I -
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and”i Xthat the sequence coding for thée cytokine is place nd

control of this foreign pronoter. 6. Reconbi nant nucke+e ﬂr

characterized, either in that the insert contains sequences coding for

several cytokines, or in that it contains separate inserts placed,

' respectively, under the control of separate pronoters, which are also
separ at e.

d ded with t f to the ade
a enov‘{_[us is provided w a pronoter foreign to @mulggﬁg é@REBEEN

ABSTRACT

DEFECTIVE RECOMBINANT ADENOVIRUSES
EXPRESSING CYTOKINES FOR ANTITUMOR TREATMENT

Recombinant nucleic acid for use in the pro&uction of a defective adenovirus
containing an insérted sequence coding for a cytokine under the control of a promotor
in the genomic sequence of the recombinant adenovirus. Said recombinant-
édenovirus is useful in the preparation of anti-tumoral drugs capable of being directly
injected into the tumor of the host.

cet Has Been Reﬂlaced
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T ~ Defective adenovirus, char
~nwetleic acid according to any one.

acterized in that it contains recomnbi nant
of clains 1.to 6. 8. Cul ture of

cells, in particular of human origin, characterized in that they are

infected with the adenovirus according to-claim?7. 9.

Phar maceuti cal

conposi tion containing the recom, b/j ant adenovirus according to claim?7,

I n conbination with a parmaceutical’ly acceptabl

hicle, in particu-
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lar. 10. “: Use of the reconbinant adenovirus according to claim?7 for ‘the
preparati é6n of antitumor drugs, prefer- ably in a formwhich can be
injected directly into a tunor of the host. 11. Phar naceuti cal

conposi tFon containing cells according to claim8§ _

cells, in a state allowing themto be injected intd ﬁ};ﬁ%ﬁﬁg\ﬁ SHEEWEt hod
for the | production of reconbinant _ 19 - .

g 2 8FEB 1997
- ABSTRACT . .

DEFECTIVE RECOMBINANT ADENOVIRUSES
EXPRESSING CYTOKINES FOR ANTITUMOR TREATMENT

Recombinant nucleic acid for use in the pr_o&uction of a defectiv'e adenovirus
containing an inserted sequence coding for a cytakine under the contral of a promotor
in the genomic sequence of the recombinant adenovirus. Said recombinant
adenovirus is useful in the preparation of anti-tumo'ral drugs capable of being directly
injected into the tumor of the host.

_ ..Figure- 1



def ective

adenovi ruses accordi ng to claim 7, - 18 -

character i‘zed by the transformation of transformable <cell |ines of higher
eukaryotes (in particular of human or animal origin) thenselves

containing a

parti &

separate nucl eoti de sequence capabl e of conplenenting the

16
_ REPLACEMENT SHEETS  S&
” Deseription : paged .= to paged -
|/ Claim(s)  :paged 16 to paged 1%
CLAIMS D’mvﬁng(s) :paged .7, to paged -

Ll Avcsiract  :paged .. to paged

1~ An adenoviral vector comprising a genomic sequence of an adenovirus
wherein said genomic sequence:

(a) is defective in that said adenovirus lacks the sequences needed for-its
replication, but which contains those sequences which carry genetic information

needed for the corresponding adenovirus to enter the celis which adenovirus is
capable of infecting;

(b) comprises a set of essential sequences needed for encapsidation of

* sgid adenovirus; and

(c) comprises an insert cantaining a nucleic acid sequence cading for &

cytokine wherein said insert is under the control of an endogengus or
heterologous promoter, wherein said adenoviral vector is used as an antitumor
drug. '

2. The adenoviral vector according to Claim 1, wherein said vector lacks the

transactivators E1A and E1B and the E3 region of the adenovirus.

3. The adenoviral vector according to Claim 1, whersin the genomic sequence of

the adenovirus lacks its 5' end region downstream of the early pramater of the

-E 1A region of the adenovirus, and wherein the nucleic acid sequence coding for

the cytokine is placed under the control of the early promoter.

JLUEULEUAL .




of the adenovirus genonme which is Jlacking in the adenovirus and which
woul'd be essential for its repli- cation, said separate sequence preferably
bei ng si ncorpo- rated into the genone of the cells of said cell line, and in
that the defective reconbi nant adenovi ruses produced are recovered fromthe
cul t ke nmedi um of the cells of said celd lines. 13. Met hod according to

claim12, characterised in that the genone of the defective adenoviruses
| acks its

4 ' The adenoviral vector according to Claim 1 or Claim 2, wherein the nucleic

acid coding for the cytokine is placed under the control of an adenavirus late
promoter.

5 The adenoviral vectar according to Claim 1, whersin the genomic sequences
of the adenovirus has a heterologous promoter and wherein said nucleic acid

saquence coding for the cytokine is pilaced under the control of said foreign
heterologous promoter.

6. A defective adenoviral vector comprising a nucleic” acid insert containing
sequences coding for several cytokines, or containing separate nucleic acid
inserts coding for differant cytokines wherein said nucleic acids are placed under

thes control of separate promoters and wherein said adenoviral vector is used as
an antitumor drug.

7. A defective adenovirus comprising the defective adenoviral vector according . .
to any one of Claims 1 to 6.

8. A cell culture transformed with the defective adenoviral vector according to

Claim 1 or infected with the defective adenoviral vector according to Claim 7.

8. A pharmacsutical compasition comprising the defective adenovirus according
te Claim 7, in combination with a pharmaceutically acceptable vehicle.

10. The pharmaceutical composition according to Claim 9, wherein said
defective adenoviral vector lacks the transactivatars E1A and E1 B and whers
appropriate the E3 region of the adenovirus.

* c L M S *



5 end region, and in that the cell line in a human enbryonic kidney |ine
such -as li'ne 293, which contains, integrated in its genone, a 5 end region
of thevgenone of a type 5 adenovirus (Ad5) and having a size corre-

sponding to approxi mately 11% of that of the whole genone of this
adenoW® rus.

18

11. The pharmaceutical composition of Claim 10, wherein the genomic
sequence of the adenovirus lacks its 5' end region downstream of the early
promoter of the E1A region of the adenovirus and the nucleic acid sequence
coding for the cytakine is placed under the control of this early promoter.

12. The pharmaceutical composition of Claim 10, wherein the nucleic acid

sequ'e'nce coding for the cytokine is placed under the control of an adenovirus
iate promoter.

13. The pharmaceutical composition according to Claim 10, wherein the
genomic sequence of the adenovirus has a heterologous promoter.

14. The pharmaceutical composition of Claim 9, wherein the nucleic acid insert

< contains sequences coding for several cytokines or said nucleic acid insert

« - contains separate inserts coding for different cytokines wherein said separate
- inserts are placed under the control of separate promoters.

15. The pharmaceutical composition of Claim 9, which can be injected ‘direcﬂy
info a tumor of the host.

16. A method for the treatment of tumors in a patient carrying a solid tumor

which method comprises injecting an effective amount of the pharmacsutical
-campasition of Claim 9 into said solid tumar.

17. The csll culture of Claim 8, which is a culture of human cells injectable into
humans.

18. A method for activating an immune system and defenses against viral or

parasitic infections or tumor devslopment in a patient which camprises
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administering systematically to said patient an effective amount of a cell culture
of Claim 8. ' '

19. A method for producing a recombinant defective adenovirus according to

Claim 7, comprising the steps of:

(a) transforming a higher eukaryote cell line whose cells contain a
separate nucleotide sequence capable of complementing the portion of the
adenovirus genome which is lacking in the adenovirus and which is essential for

its replication, said sequence being incorporated into the genome of the cells of
said cell line; and

(b) recovering the defective recombinant adenoviruses produced from the
culture medium of the cells of said cell line.
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